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Compritol® | Precirol® | Gelucire®

Solid Dispersions with Lipids
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like Compritol® and Precirol® or self- : ]
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glycerides provide sustained release ? e T
and taste masking, polyoxylglycerides 2 —
are suitable for delivery of poorly =
soluble compounds. 5
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Solid dispergions for capsule filling or T ee—
compressmn into tablets .may be obtained extrudates filled into hard gelatin capsules
by high shear granulation or hot melt
extrusion. This is possible without use of
any solvents and at temperatures near
the excipient melting points, being 44°C Contact Us
to 72°C. We help clients in various stages
Depending on the choice of excipient of drug development,  beginning
and process, these excipients may with drug solubility screening in solid
serve as plasticizers, and carriers lipid excipients, evaluating stability

and compatibility with the API, and the
characterization of the drug delivery
system.

for a wide range of API.
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OXYCAPT™ Plastic Vial & Syringe

Multilayer Structure

Water Vapor Barrier Layer (COP)

Oxygen Barrier Layer (New Polymer)

Drug Contact Layer (COP)

 Excellent Oxygen Barrier

« High Water Vapor Barrier

» Very Low Extractables

« Low Protein Adsorption

« Excellent Ultraviolet Barrier

» High Break Resistance

 High pH Stability

« Silicone Oil Free Barrel

« Gamma-sterilized Vial & Syringe

« Customizable

- For Biologics & Regenerative Medicine

Mitsubishi Gas Chemical Company,Inc.

https://www.mgc.co.jp/eng/products/abd/oxycapt.html

Mitsubishi Gas Chemical America, Inc.
MITSUBISHI GAS CHEMICAL http://www.mgc-a.com

E-mail: nb3.pharmapackage@mgc.co.jp




7NN
N

nr“g ne“ﬂlnnment@

& Delivery

Connecting to your target
audience is now more
iImportant than ever.

Although meeting physically at conferences,
tradeshows, and corporate facilities may not be
possible in the near future, we're here for you.
For more than 20 years, Drug Development &
Delivery has successfully connected technology
and service providers with R&D scientists,
business development professionals, and
corporate managers within pharmaceutical and
biotechnology companies. So while we continue
to live and work through these challenging times,
Drug Development & Delivery keeps you
in front of your key audience.

Call us today and let us show you how.

Print & Digital Editions
Website Marketing | eNewsletters
eMail Campaigns | Videos
Exclusive Online Content
Webinar Marketing
Online Company Profile
Custom Publishing/eBooks

Contact us today!

John Kiesewetter: 541-338-0022
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Ralph Vitaro: 973-263-5476
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Now offering Aseptic-filled Liquid Captisol.

Facilitate your drug discovery and development activities
with Liquid Captisol. Liquid Captisol is a 50% aqueous
concentrate of Captisol® (Betadex Sulfobutyl Ether Sodium
USP/NF) that has been aseptic-filled into 250 mL plastic
bottles. The product will help you to move quickly into phase
solubility studies, formulation development or safety studies.
Now quickly dilute to your desired concentration and
determine solubility or dose preclinically. Captisol has been
used extensively to provide improved solubility, stability,
biocavailability and dosing of challenging ingredients.
Liquid Captisol is protected under our all-aqueous patented

process and included within our extensive safety database.
Accelerofilwﬂrug discovery and develop qnd rder

non-clinical grade Liquid Captisol.
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Esay Okutgen, PhD, Alper Orhan, MSc, and Josef Bossart, PhD,
believe with the 30-year anniversary of the first product approval
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ADARE PHARMA SOLUTIONS

DIFFERENT NAME. SAME CUSTOMER FOCUS.

Adare Pharma Solutions is a global, technology driven CDMO providing turnkey product development
through commercial manufacturing expertise focused on oral dosage forms for the Pharmaceutical,
Animal Health and OTC markets. Adare’s specialized technology platforms provide taste masking, ODTs,
and customized drug release solutions. With a proven history in drug delivery, Adare has developed and
manufactured more than 40 products sold by customers in more than 100 countries globally.

Now you can put Adare’s formulation technologies and manufacturing expertise to work for you.
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“The device development process
typically follows a stage-gate process
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initially, the Target Product Profile (TPP),
user requirements, including the user
needs and intended uses, are reviewed
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concepts at the second stage-gate,
formal designs, device verification,
manufacturing  equipment, validation,

and finally preparation for market.”
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Ajinomoto Bio-Pharma Services & DNDi Partner to Develop Critical
Immunomodulator for Cutaneous Leishmaniasis Therapeutic

Ajinomoto Bio-Pharma Services recently announced a strate-
gic supply partnership with the Drugs for Neglected Disease Ini-
tiative (DNDi), a collaborative, patients’ needs-driven, non-profit
drug research and development organization that is developing
new treatments for neglected diseases, for the supply of a CpG
oligonucleotide, as part of a combination therapy used in the
treatment of cutaneous leishmaniasis infections. This project is sup-
ported by the Global Health Innovative Technology (GHIT) Fund.

As part of this partnership, Aji Bio-Pharma will manufacture
CpG-D35, a class of CpG oligonucleotides, which provides a
strong immunostimulatory effects. CpG-D35 will be used to stim-
ulate innate immune response in patients as an adjunct to
chemotherapies in treating complicated cutaneous leishmaniasis
(CL) and post-kala-azar dermal leishmaniasis (PKDL), persisting
parasitic infections causing severely disfiguring and stigmatizing
skin lesions.

“We are excited to be able to collaborate on this oligonu-
cleotide with DNDi and support them in their efforts to develop
and supply this quality-of-life improving therapeutic for people
with leishmaniasis,” said Noriyasu Kataoka, Quality Manager
and President, Ajinomoto Bio-Pharma Services Osaka. “We are
pleased to be a trusted and innovative partner to our client, while
reinforcing our dedication in improving the health of humankind.”

Over 1 billion people are at risk of leishmaniasis worldwide,
which is transmitted by sandfly bites. Cutaneous leishmaniasis is
the most common presentation, with about 1 million new cases
annually. Postkala-azar dermal leishmaniasis is a complication
of visceral leishmaniasis, which can appear months or years after
completing treatment.

“We are very pleased to be partnering with Ajinomoto Bio-
Pharma Services for the supply of promising new therapeutic for
the treatment of cutaneous leishmaniasis,” said Dr. Byron Arana,
Head of Cutaneous Leishmaniasis Programme at DNDi. “With this
partnership, we continue our goal to develop and provide safe
and effective cutaneous leishmaniasis therapeutics.”

Ajinomoto Bio-Pharma Services is a fully integrated contract
development and manufacturing organization with sites in Bel-
gium, US, Japan, and India, providing comprehensive develop-
ment, cGMP manufacturing, and aseptic fill finish services for
small and large molecule APIs and intermediates. Ajinomoto Bio-
Pharma Services offers a broad range of innovative platforms and
capabilities for pre-clinical and pilot programs to commercial
quantities, including Corynex protein expression technology,
oligonucleotide synthesis, antibody drug conjugations (ADCs),
high potency APIs (HPAPI), biocatalysis, continuous flow manu-
facturing and more. Ajinomoto Bio-Pharma Services is dedicated
to providing a high level of quality and service to meet our client's
needs.

A notfor-profit research and development organization,
DNDi works to develop new treatments for people living with neg-
lected diseases, notably leishmaniasis, sleeping sickness (human
African trypanosomiasis), Chagas disease, filarial infections,
mycetoma, paediatric HIV, and hepatitis C.

The GHIT Fund is a Japan-based international public-private
partnership fund (PPP) between the Government of Japan, multiple
pharmaceutical companies, the Bill & Melinda Gates Foundation,
the Wellcome, and the United Nations Development Programme

(UNDP).

TriNetX Acquired by Carlyle Group to Help Advance Health Research Optimization

TriNetX recently announced global investment firm The Car-
lyle Group has made a strategic growth investment and will ac-
quire a majority stake in the company. Terms of the transaction
were not disclosed. Since its founding in 2013, TriNetX has built
the largest global network of research hospitals and academic in-
stitutions, top biotech and pharmaceutical companies, contract
research organizations (CROs), and other specialty data partners.
TriNetX is powered by an impressive network of 170 healthcare
organizations in 30 countries and used by more than 40 life sci-
ences organizations, including 15 of the world’s top 20 pharma-
ceutical companies.

“Our goal is to be on the desktop of every healthcare re-
searcher in the world,” said Gadi Lachman, CEO of TriNetX. “To
accomplish this we need to continue to develop solutions to sup-
port clinical research at our healthcare organizations and bring
more global data and technologies such as Al, machine learning
and analytics to researchers so that they can ask more questions
and generate more real-world evidence. Carlyle’s investment ac-
celerates our growth plans and will shorten the time it takes to
turn our vision into reality.”

TriNetX enables researchers to apply a data-driven approach
to health research by providing web-based, on-demand access
to harmonized global electronic health record (EHR) and claims
data with a suite of highly intuitive analytics. TriNetX is utilized in
all parts of the drug development cycle, including protocol design
and feasibility, site selection and patient identification for clinical

trials, as well as serving clinical research for drugs already in the
market to help researchers understand efficacy, risks and other
market dynamics and to generate real-world evidence (RWE) to
support hypothesis and decision making, in realtime.

The longitudinal clinical and claims data representing over
400 million patients available through TriNetX is mapped to con-
trolled terminology and consists of clinical facts from hundreds of
healthcare organizations around the world, deep specialty data
for all therapeutic areas, including COVID-19, cardiovascular,
oncology, and rare disease, and linked medical claims, pharmacy
claims and EHR data.

“With a deep clinical focus and a highly scalable data strat-
egy, we believe TriNetX is well positioned for continued organic
and inorganic growth opportunities,” said Joe Bress, a Principal
specializing in healthcare at The Carlyle Group. “We're excited
to partner with Gadi and the TriNetX management team to help
expand their global footprint and continue investing in the com-
pany’s mission to advance the collective understanding of human
health.”

The investment in TriNetX is a continuation of Carlyle’s long-
term global commitment to healthcare, in which it has invested
more than $15 billion of equity since inception. Equity capital for
the investment came from Carlyle Partners VII, an $18.5 billion
fund that makes majority and strategic minority investments pri-
marily in the U.S. in targeted industries, including healthcare. SVB
Leerink served as exclusive financial advisor to TriNetX.
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Metrics Contract Services Begins $10-Million Plant Expansion

Metrics Contract Services recently announced it has com-
menced construction on the expansion of its novel oral solid
dosage manufacturing facility expansion in Greenville, NC. The
$10-million investment will add 3,760 square feet of production
space to the current facility, providing added flexibility and ca-
pacity to the CDMO and its clients.

The expansion consists of three new rooms: one
dispensing/flex room, one tablet press room and one flex room
to accommodate the company’s growing portfolio of commercial
services following sustained increase in demand from clients for
high potent handling capabilities.

New equipment also forms part of the investment and in-
cludes a Fette FE55 tablet press, a Bosch 720 encapsulator, which
both offer containment capabilities for the safe handling of potent
products, and a weigh and dispense isolator.

“The new equipment we've purchased is ideal for the small
batch size and high changeover products which our clients re-
quire,” said John Ross, President at Mayne Pharma US and Met-
rics Contract Services. “Our clients will see immediate benefits
through higher yields and improved potent handling. We recog-
nized that customer’s commercial requirements often demanded
increased flexibility within production suites. This expansion will
cater for those needs because it creates more spaces where equip-
ment trains can be tailored to the applicable process.”

The expansion project which has been in development over
the past 6 months is expected to be complete and fully operational
by February 2021. Ross added “This is a significant investment

for the business and reflects our commitment to increasing our
novel oral solid manufacturing capabilities and providing our
clients with quality services from initial concept through to global
commercialization. We are now actively looking at the next phase
of investment and how to maximise the expanded facility even
further with the potential addition of further packaging and adja-
cent formulation technologies.”

Metrics Contract Services offers quality pharmaceutical for-
mulation development; clinical trial materials manufacturing for
all phases; analytical method development and validation serv-
ices and commercial scale manufacturing and specializes in
highly potent, novel oral solid dosage forms.

Metrics Contract Services is a full-service pharmaceutical de-
velopment and manufacturing organization serving clients world-
wide delivering proven scientific and operational excellence for
novel oral dosage forms.

Metrics’ areas of expertise include quality pharmaceutical
formulation development; firsttime-in-human formulations; Phase
1-3 clinical trial materials manufacturing; and analytical method
development and validation services leading to commercial scale
manufacturing.

Technical capabilities include highly potent, cytotoxic and un-
stable compounds; Schedule IV controlled substances; and prod-
ucts with poor bioavailability, for which we offer an impressive
portfolio of advanced delivery methods. Located in Greenville,
N.C., Metrics is a proud member of Mayne Pharma. For more in-
formation, visit metricscontractservices.com.

Drug Development & Delivery October 2020 Vol 20 No 7
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Arctoris & Syntekabio Form Drug Discovery Research Partnership

Arctoris has recently signed a Memorandum of Understand-
ing with listed Korean company Syntekabio, Inc. to collaborate
on drug discovery efforts. The first project under the agreement
sees the two companies work together to assess small molecule
therapeutics for COVID-19.

The MoU brings together two highly complementary tech-
nologies: Syntekabio is a leading Al-driven drug discovery com-
pany that uses machine learning and supercomputing to discover
new drugs, and Arctoris is a British technology company that has
developed a fully automated drug discovery platform enabling
rapid generation of high-quality drug discovery data. Syntekabio
will use Arctoris’ unique technology platform for biochemical and
cell-based experiments including target-based assays and viability
assessments.

Access to the Arctoris platform enables the company’s clients
and partners to conduct their drug discovery processes in full au-
tomation. Available services include data-set generation for Al
model training and validation, hitto-lead, lead optimization and
candidate selection.

Under the terms of the MoU, Syntekabio and Arctoris work
together to identify and screen a series of potential candidate mol-
ecules for COVID-19 treatment, not only saving development time,
but also ensuring a greater degree of confidence in the experi-
mental results.

Martin-Immanuel Bittner, MD, DPhil, CEO of Arctoris, said
“This partnership highlights the utility and capability of the Arctoris
approach to drug discovery. Thanks to our robotic technology
platform, we can significantly accelerate the identification of can-

didates for COVID-19 treatment. By combining the novel technolo-
gies developed by Arctoris and Syntekabio, we aim to develop
potential new treatments faster — for COVID-19 and beyond.”

Sunil Youn, MD, Director of Business Development of Syntek-
abio, added “Syntekabio is a leader in Al-driven drug discovery.
We are pleased to collaborate with Arctoris, enabling us to rap-
idly validate our in silico predictions. Together, we can reach the
next drug discovery milestones faster.”

The MoU with Syntekabio is the latest in a series of partner-
ships formed by Arctoris this year, which includes publicly an-
nounced partnerships with Insilico Medicine and Molecule.

Arctoris Ltd is an Oxford-based research company that is rev-
olutionizing drug discovery for virtual and traditional biotechnol-
ogy companies, pharmaceutical corporations, and academia.
Arctoris has established the world’s first fully automated drug dis-
covery platform, offering pre-optimized and fully validated
processes for its partners and customers globally.

Syntekabio, Inc. is an Al and NGS-based drug development
company, utilizing a genomic database and artificial intelligence
to predict and identify new molecular entities to be a relevant new
drug product. It is the global first Al drug development company
listed on the public market [KOSDAQ: 226330) in December
2019. The company’s lead product candidate, STB-CO17, an
IDO/TDO dual inhibitor for the treatment of advanced solid tu-
mors, is in preclinical development. The company’s subsequent
pipelines include personalized neoantigen cancer vaccines, small
molecules targeting established oncology targets, and biomarkers
to stratify relevant patients to maximize treatment efficacy.

Orasis Raises $30 Million to Advance Clinical Development Program

Orasis Pharmaceuticals recently announced the closing of a
$30-million Series C financing. The financing was co-led by new
investor Bluestem Capital and returning investor Visionary Ven-
tures, with participation from other returning investors Sequoia
Capital, SBI (Japan) Innovation Fund, Maverick Ventures, LifeSci
Venture Partners, and additional investors. Tyler J. Stowater, Part-
ner and Vice President of Bluestem Capital, will join the Orasis
Board of Directors in conjunction with the financing.

Proceeds from the financing will be used to advance Orasis’
lead eye drop candidate for the treatment of presbyopia symp-
toms through completion of its Phase 3 clinical trials. The funds
will also be used for pre-commercialization activities ahead of po-
tential product launch.

“This successful funding round completes the capitalization
for the Phase 3 clinical trials and fuels the initial growth strategy
for commercialization,” said Elad Kedar, Chief Executive Officer
of Orasis. “We aspire to make near vision clear again for people
with presbyopia by empowering them with an unparalleled solu-
tion, an eye drop that will provide them with comfort and control
of their near vision. We are very grateful for and highly encour-
aged by the validation from a diverse range of investors, includ-
ing the co-lead investors Bluestem Capital and Visionary Ventures,
and our returning investors. Our product candidate has demon-
strated excellent efficacy, safety, and comfort profiles in previous
clinical studies, and we look forward to initiating our Phase 3 clin-
ical trials to further evaluate the effectiveness of the product in the
near future.”

Tyler J. Stowater, Partner and Vice President of Bluestem,
added “With almost 2 billion people in the world living with pres-
byopia, the market potential for a novel, non-invasive option is
highly anticipated by eye care providers and patients. We have
high confidence in the Orasis team, to successfully complete its
clinical program, and apply their informed commercial approach,
which will make Orasis a leader in the presbyopia space.”

Presbyopia is the loss of ability to focus on near objects as a
result of the natural aging process. It occurs mostly after the age
of 40 when the crystalline lens of the eye gradually stiffens and
loses flexibility. There are almost 2 billion people globally and
more than 120 million people in the US living with presbyopia.
People with presbyopia experience blurred vision when perform-
ing daily tasks that require near visual acuity, such as reading a
book, a restaurant menu, or messages on a smartphone. Presby-
opia cannot be prevented or reversed, and it continues to
progress gradually. All existing treatment options are either cum-
bersome or invasive, presenting a significant unmet need for qual-
ity of life improvement for people with presbyopia.

Orasis is an emerging ophthalmic pharmaceutical company
committed to making near vision clear again for people with pres-
byopia. Orasis’ novel proprietary formulation, designed to
achieve an optimal balance between efficacy, safety, and com-
fort, has the potential to position the company as an emerging
leader in the presbyopia space.



Aqualung Therapeutics Awarded NIH
Fast-Track Award

Aqualung Therapeutics, an early stage biotech company
developing an immune-focused, anti-inflammatory therapeutic
platform for unchecked inflammation in patients with serious
acute and chronic diseases, has been awarded a 1-year NIH
FAST-TRACK AWARD (1R41 HD101202-01A1) to support de-
velopment of a humanized antibody therapy for pregnant
women with intrauterine infection at risk for preterm birth.

Each year, more than 400,000 preterm births occur annu-
ally in the US, the majority born to mothers with “chorioamnioni-
tis” or inftrauterine infection that occurs before or during labor.
The name refers to the infection of the membranes surrounding
the fetus: the “chorion” (outer membrane) and the “amnion”
(fluid-filled sac) leading to a preterm birth and/or serious infec-
tion in the mother and the baby. Preterm births are at risk for a
myriad of serious lung, gastroenterology, and cognitive compli-
cations as well as developmental delays.

Aqualung Therapeutics (ALT) scientists have identified extra-
cellular NAMPT or eNAMPT, a master regulator of tissue and
systemic inflammation as a novel therapeutic target in Chorioam-
nionitis. ALT has demonstrated robust NAMPT expression in pla-
centas from women with chorioamnionitis. In a preclinical
pregnant mouse model of ChorP, a eNAMPT-neutralizing anti-
body was dramatically protective, improving preferm birth mor-
tality and inflammation in newborn pups.

This NIH STTR Award will drive the final selection of the lead
eNAMPT-neutralizing humanized therapeutic mAb between two
candidates, ALT-100 and ALT-200; with selection utilizing in vitro
and preclinical in vivo models of chorioamnionitis. Upon con-
firmation of the optimal mAb candidate in treating chorioam-
nionitis, Aqualung will submit an R42 STTR grant to further
support pre<linical development and IND-enabling studies.

“This is the fourth NIH-supported indication for development
of the eNAMPT platform along with ARDS, pulmonary hyperten-
sion and radiation lung injury. We are excited the NIH sees the
value of our science and is willing to fund our early proof of con-
cept development,” states Stan Miele President of Aqualung Ther-
apeutics.

Aqualung is an early stage biotech company developing
immune-focused therapeutic antibodies for patients suffering from
disorders characterized by acute and chronic lung and systemic
inflammation. Founded in 2016 and led by a physician scientist,
Aqualung'’s science-driven approaches led them to the identifi-
cation of nicotinamide phosphoribosyltransferase (NAMPT) and
other key proteins expressed in both acute and chronic inflam-
matory diseases. Aqualung Therapeutics is developing eNamp-
tor, a Next Gen platform comprised of : i) ALT 100/200,
humanized eNAMPT-neutralizing monoclonal antibodies; ii)
eNAMPT-Plex, a plasma-based biomarker panel comprised of
cytokines, including eNAMPT, which predicts ARDS mortality;
and iii) NAMPT-Gene, a genotyping assay that identifies indi-
viduals at increased risk for ARDS death. The pipeline of ALT is
designed to target a range of diseases, including ARDS, ventila-
tor- and radiation-induced lung injury, chorioamnionitis, prostate
cancer, pulmonary hypertension, and both pulmonary and he-
patic fibrosis (NASH). These conditions all exhibit a significant
unmet medical need with significant morbidity and mortality.
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OXGENE Introduces TESSA Technology for Robust & Reproducible AAV

Manufacture at Scale

OXGENE recently announced the launch of its scalable, plas-
mid-free manufacturing system for AAV. OXGENE's new TESSA
technology addresses industry-wide challenges associated with
robust and reproducible AAV manufacture at scale. These include
high cost of goods, and low packaging efficiency. TESSA aims to
deliver a paradigm shift in scalable AAV manufacture.

Adeno-associated virus, or AAV, is a popular choice of viral
vector to deliver gene therapies to patients, owing to its low im-
munogenicity, favorable safety profile, and the ease with which it
transduces numerous cell and tissue types. However, manufactur-
ing systems have not kept pace with biological advances, leaving
these therapies costly, difficult o produce at scale, and subject to
inherent batch-to-batch variability. This represents a serious chal-
lenge to regulators and health authorities when it comes to ap-
proving these treatments for clinical use.

OXGENE's TESSA technology overcomes manufacturing ob-
stacles by taking advantage of AAV's natural relationship with an-
other virus — the adenovirus. In nature, AAV co-exists with
adenovirus, which provides the “help” AAV needs to replicate.
However, as well as replicating the AAV, the adenovirus also repli-
cates itself, leading fo high levels of adenoviral contamination if
this process is translated to an industrial context.

OXGENE has addressed these challenges by manipulating
the adenoviral life cycle so that it can still provide high quality
help for AAV replication, but is unable to manufacture itself, re-
ducing adenoviral contamination by 99.9999% in a manufactur-

ing run. Integration of the AAV rep and cap genes into the aden-
oviral vector means that everything required for AAV production,
except the AAV genome, can be provided in a single viral vector.
Meanwhile, the AAV genome can either be encoded within a sec-
ond TESSA vector, in a plasmid, or within an AAV particle itself.
Using two TESSA vectors improves yields of AAV2 by 40-fold, ac-
companied by a 2000-fold increase in particle infectivity com-
pared fo a standard three-plasmid manufacturing approach.

Once this first AAV seed stock has been produced, co-infect-
ing cells with this AAV alongside another TESSA vector can further
amplify the AAV in a simple, reproducible and scalable manner,
removing the reliance on expensive and limiting plasmids for AAV
manufacture.

OXGENE’s CEO, Dr Ryan Cawood, said “The gene therapy
industry’s reliance on plasmids is a major limitation for robust and
reproducible large-scale AAV manufacture. By taking a ‘back to
nature’ approach to rethink AAV production from the ground up,
we've developed a truly innovative new technology that we ex-
pect to transform the way AAV is manufactured. By combining
high AAV yields with scalability, packaging efficiency and in-
creased infectivity, we hope that TESSA technology will help to
bring down the overall cost of goods involved in gene therapy
development. We hope it will also improve the safety of the final
therapeutics, as the higher quality, more infectious AAV resulting
from TESSA based manufacture could mean significantly lower
effective doses.”
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T-knife & Catalent Sign Technology Transfer & Manufacturing Agreement

T-knife GmbH and Catalent recently announced they have
signed an agreement to provide technology transfer and CGMP
clinical manufacturing of Tknife’s T1367 Tcell receptor (TCR) pro-
gram.

T1367 is an autologous T-cell receptor-based cell therapy de-
rived from Tknife’s proprietary humanized T-cell receptor (HuTCR)
mouse platform and specifically targets MAGE-A1 positive tumors
in cancer patients. The therapy is expected to be manufactured
for clinical trials in both the European Union and the US.

Under the terms of the agreement, Catalent will undertake
transfer of Tknife’s platform process for Tcell receptor-based cell
therapy at its site in Gosselies, Belgium, with the goal of manu-
facturing clinical batches for European trials in 2021. Tknife will
also prepare for the transfer of the TCR manufacturing platform
to Catalent’s Houston, Texas, facility with a view to initiating clin-
ical trials in North America in the future.

“The product candidates based on our proprietary HuTCR
platform require sophisticated, state-of-the-art manufacturing ca-
pabilities and deep cell and gene therapy know-how,” said
Michael Buchholz, Director Manufacturing of Tknife. “We are
convinced that Catalent is the right partner for T-knife to ensure
premier manufacturing of our pipeline programs, covering all
stages from clinical trials to market.”

“Catalent is well-suited to support T-knife with focused tech-
nology transfer and process industrialization in both Gosselies
and Houston,” added Manja Boerman, PhD, President, Cell &
Gene Therapy, Catalent. “Emerging and innovative treatments

like T1367 are moving rapidly to the clinic. Catalent is committed
to continual investment and expansion to support our clients as
they continue on the journey to commercialization.”

Catalent’s 2,400-square-metre (25,830-square-foot) facility
in Gosselies, Belgium, provides clinical through commercial-scale
cell therapy manufacturing, for both autologous and allogeneic
cell therapy treatments. The facility accommodates four process
development laboratories, nine flexible manufacturing clean
rooms for cGMP manufacturing, as well as fill and finish services
and quality control laboratories. An additional large-scale com-
mercial manufacturing plant is currently under construction at the
site and expected to be fully commissioned in 2021. The com-
pany also has a clinical manufacturing site in Houston, which is
under qualification and expected to be fully commissioned in
2020.

Tknife is a next-generation adoptive T-cell company utilizing
its proprietary humanized T-cell receptor ([HUuTCR) mouse platform
technology fo treat solid tumors. It was founded as a spin-off from
Max-Delbruck Center for Molecular Medicine together with Char-
ité University Hospital in Berlin in 2018. Tknife "s mission is to
use its unique technology to bring highly effective and safe T<ell
receptor-based therapeutics to market. Based on the unparalleled
T-cell immunology expertise of its founders and the unique and
proprietary HUuTCR platform, the Company develops fully human
TCRs which are expected to set new technology standards and
to provide superior safety and efficacy.
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Hovione Announces Partnership to Produce Ligand’s Captisol; Used in Gilead’s

Covid-19 Treatment

Hovione recently announced the signing of a partnership
agreement with Ligand to significantly ramp up the production
output of Captisol, a Ligand product, which is a chemically mod-
ified cyclodextrin proven to improve the solubility and stability of
drugs. ltis used in the formulation of Gilead’s Covid-19 treatment
Veklury (remdesivir). Hovione is the sole producer of this key en-
abling excipient.

“To meet Captisol demand associated with Veklury, Hovione
will soon be producing per month the quantity it usually produces
in 1 year. This sudden spike in demand has required unique mo-
bilization efforts across the Hovione network to secure additional
raw material supply, execute major capital expenditure projects
at our sites, maximize operational efficiency, hire additional tal-
ent, and identify external partners to expand our overall capacity.
The pharmaceutical supply chain is working together in an un-
precedented fashion to treat patients and save lives. Hovione is
privileged to be part of this truly global response,” said Jean-Luc
Herbeaux, Chief Operating Officer.

“ligand values its long-standing partnership with Hovione,”
added Matt Foehr, President and Chief Operating Officer of Lig-
and. “Their excellent customer service, global commitment to qual-
ity, and high pharmaceutical standards make them an ideal
partner for Captisol, a critical component for a number of life-sav-
ing medicines. We commend them for responsibly and efficiently
partnering with Ligand to manage the scale up and expansion of
their operations to contribute to global health during the pan-
demic.”

Ligand’s Captisol technology is a patent-protected, uniquely

modified cyclodextrin, with a chemical structure that was ration-
ally designed to enable the creation of new products by signifi-
cantly improving solubility, stability, bioavailability, and dosing
of active pharmaceutical ingredients (APls). It uses a green man-
ufacturing process that uses water as process solvent.

Gilead Sciences’ Veklury is an investigational nucleotide ana-
log with broad-spectrum antiviral activity both in vitro and in vivo
in animal models against multiple emerging viral pathogens. Mul-
tiple ongoing international Phase 3 clinical trials are evaluating
the safety and efficacy of Veklury for the treatment of SARS-CoV-
2 infection, the virus that causes COVID-19, in different patient
populations, formulations, and in combination with other thera-
pies. The US FDA expanded the Emergency Use Authorization
(EUA) enabling use of the investigational antiviral Veklury to treat
all hospitalized patients with COVID-19, in addition to the previ-
ous authorization for patients hospitalized with severe COVID-
19.

Hovione is an international company with over 60 years of
experience as a Contract Development and Manufacturing Or-
ganization (CDMO) and is currently a fully integrated supplier of-
fering services for drug substance, drug product intermediate, and
drug product. With four FDA inspected sites in the US, China, Ire-
land, and Portugal and development laboratories in Lisbon, Por-
tugal, and New Jersey, US, the company provides branded
pharmaceutical customers services for the development and com-
pliant manufacture of innovative drugs, including highly potent
compounds.

CombiGene & Cobra Biologics Sign Agreement to Secure GMP Production of

Plasmids for Production of Gene Therapy

Cobra Biologics and CombiGene AB (publ) (CombiGene) re-
cently announced they have signed agreements covering Good
Manufacturing Practice (GMP) production of two essential plas-
mids needed for the manufacture of CGO1, a gene therapy de-
signed for the treatment of drug resistant focal epilepsy.

The GMP production of two essential plasmids, derived from
master cell banks, represents a crucial development in the pro-
duction of CGO1 for the first clinical study. Increasing production
of plasmids to large scale and according to GMP requires man-
agement of the scale-up process to ensure plasmids are of thera-
peutic-grade quality. Cobra’s long-established plasmid production
platform along with in-house expertise will ensure high quality
plasmids are produced for CGO1.

The agreement follows the recent announcement that Cobra
had successfully completed production of the GMP master cell
banks to produce three plasmids used as starting material for
CombinGene’s gene therapy vector, CGO1.

Jan Nilsson, CEO of CombiGene, said “The fact that Com-
biGene has now signed an agreement with Cobra regarding the
production of two plasmids is very positive as we thus secure ac-
cess to crucial components for the production of CGO1. Cobra
has consistently delivered in terms of both time and quality and it
is therefore very satisfactory that they will now be responsible for
the production of this important part in the production of CGO1.
Through this agreement with Cobra, we are taking another step
closer to clinical studies.”

Peter Coleman, Chief Executive of Cobra Biologics, added

“We are excited to continue the journey with CombiGene and
this agreement is the next big step in the production of CGO1.
We have a well-established plasmid production platform and in-
house expertise in quality control that will ensure the delivery of
GMP quality plasmid.”

CGO1 is a gene therapy developed to treat drug-resistant
focal epilepsy. Every year, approximately 47,000 drug-resistant
patients with this type of epilepsy are estimated to be added in
the United States, EU5, Japan and China. CombiGene believes
that it is realistic that 10-20 percent of these patients could be
treated with the company’s gene therapy. The global market for
drug candidate CGO1 is estimated at $750 million to 1.5 billion
annually.

Cobra Biologics, together with its parent company Cognate
BioServices, is a leading international contract development and
manufacturing organisation (CDMO) providing the highest quality
development and manufacturing services for the cell and gene
therapy fields, ranging from early stage development and pre-
clinical services to clinical and commercial supply. Cobra and
Cognate service an international customer base from its manufac-
turing and development facilities in the UK, Sweden, and the US.

CombiGene's vision is to offer patients affected by severe
life-changing diseases opportunities for a better life through inno-
vative gene therapies. CombiGene’s business concept is to de-
velop effective gene therapies for serious diseases that today lack
adequate treatment methods.
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DEVELOPMENT

Case Study: How Custom Assay Development
Helped Spur Precision Medicine Research in

Multiple Myelomao

By: Steven Gross, MS

INTRODUCTION

From big pharma to emerging biotech companies, a robust
assay is an integral part of any pharmaceutical company’s drug
discovery and development process. Yet many organizations may
not want to devote the substantial time or resources required to
develop custom, reproducible assays on their own. For these com-
panies, having a trusted laboratory partner with the necessary
expertise and technology can make all the difference — both in
creating assays for specific biomarkers and in successfully inte-
grating these assays info clinical trials in a more costeffective
manner.

Starting in 2010, the Menarini Silicon Biosystems, Inc. (MSB)
R&D team (then part of Veridex, a Johnson & Johnson company)
led the process of developing their first assay to isolate and enu-
merate circulating multiple myeloma cells (CMMC) from periph-
eral blood. Our primary goal for the assay was to determine if
CMMCs could be used to better understand the biology of multi-
ple myeloma and monitor clinical progression of the disease. The
assay was developed in collaboration with Janssen Oncology
Pharmaceuticals as part of a research agreement.

The following provides a “behind-the-scenes” look at the
CMMC assay development process (from 2010 through today)
to show how pharmaceutical companies can effectively partner
with a laboratory to design customized assays that complement

their drug discovery and development programs.

TECHNOLOGY & EXPERTISE: THE POWER OF
CELLSEARCH

When selecting a partner for assay development, both the
technology and expertise of those in the lab are important factors
to consider. Our team developed the circulating multiple myeloma
cells (CMMC) assay with the CELLSEARCH® platform, which is
considered the gold standard of liquid biopsy technology for de-
tecting circulating tumor cells (CTCs). It is the first and only clini-
cally validated, FDA<cleared system for identification, isolation,
and enumeration of CTCs in metastatic breast, metastatic prostate,
and metastatic colon cancer.

The CELLSEARCH system uses automated sample capture
and analysis on a four-color semi-automated fluorescence micro-
scope. It separates rare CTCs from blood using ferrofluid
nanoparticles coated with antibodies to target the epithelial cell
adhesion molecule (EpCAM), a protein expressed on the surface
of epithelial cells. EpCAM is expressed at a high level by solid tu-
mors and has allowed researchers to develop assays for cancers
like prostate and breast cancer. The cells are then stained with
detection antibodies and an antibody to exclude leukocytes, and
image analysis is carried out to identify tumor cell candidates.
The technology is not limited to EpCAM-expressing cells, however.
We can develop custom ferrofluids to capture non-EpCAM-ex-
pressing cells, and MSB has additional kits targeting circulating
endothelial cells (CEC kit) and circulating melanoma cells (CMC
kit).



With a fourth detection channel available for additional
screening of cells, the system has builtin flexibility to move beyond
just counting cells and incorporate other markers such as PD-L1,
HER2, and EGFR. As we did with Janssen, pharmaceutical com-
panies could use a primary detection marker for CTCs, while
using the open channel to look for the expression of a specific
target marker as inclusion criteria for a clinical trial, or to monitor
the therapeutic effect of a drug.

By working with our R&D team, the Janssen group also had
the benefit of working with some of the same people who created
the CELLSEARCH platform and pioneered the development of cus-
tom assays with the technology. Many of us were part of a group
of researchers, led by Massimo Cristofanilli, MD, that helped val-
idate the CELLSEARCH technology in the early 2000s. That re-
search established that the number of CTCs before treatment was
an independent predictor of progression-free survival and overall
survival in patients with metastatic breast cancer.! When it comes
to rare cell or CTC assay biomarker development, this is a level

of expertise not available at an average reference laboratory.

THE CMMC ASSAY DEVELOPMENT PROCESS

Multiple myeloma is the second most common hematological
cancer in the US, with an estimated incidence of over 20,000
new cases per year. Despite advances in treatment, the disease
remains incurable with a 5-year survival rate of only 45%.

In 2010, Janssen’s hematology group asked our team to de-
velop an assay for the detection and enumeration of CMMCs from
peripheral blood samples. The desire for the assay was spurred
by a growing body of research that showed the presence of
CMMCs in patients with the disease, as well as those with two
precursor diseases: monoclonal gammopathy of unknown signif-
icance (MGUS) and smoldering multiple myeloma (SMM). It was
recognized that those circulating cells might be usable as a liquid
biopsy to learn more about the progression of the disease and
identify actionable mutations for targeted therapy without an in-
vasive bone marrow biopsy. In addition, the ability to access
CMMCs through a simple blood draw means we can capture
these cells more easily than with bone marrow biopsies, which
could potentially make it possible to monitor the disease in real
time.

Because much of assay development can be a trial-and-error
process, we used a phased approach to minimize risk for Janssen.

For each of the three phases (feasibility, verification, and final de-

FIGURES 1A&B
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Images of myeloma cell line H929 (A) and cells from a
Multiple Myeloma patient (B) captured with the CMMC
kit and stained with CD56FITC in the open channel.

velopment), we submitted reports and obtained approval from

Janssen before moving on fo the next phase.

THE CHALLENGE: IDENTIFYING DETECTION &
CAPTURE ANTIBODIES

The initial phase of the CMMC assay development process
began in February 2010. Developing the first assay for a hema-
tological cancer presented a distinct challenge for our team. Cap-
ture and detection of tumors that typically express EpCAM is
relatively straightforward on the CELLSEARCH platform. Most
blood cancers, on the other hand, do not have unique markers
that differentiate them from normal white blood cells in circulation.

In order to develop the assay, our CTC experts collaborated
with Janssen’s multiple myeloma experts to identify antibodies that
would allow for the detection and capture of the CMMCs. Fortu-
nately, multiple myeloma is one of the few hematologic cancers
that have a marker unique enough to identify the cell: CD138.
We chose to use CD138 as the capture antibody and CD38 for
detection, with CD19 and CD45 as exclusion antibodies.
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Now available as a laboratory service at Menarini Sili-
con Biosystems, the CMMC assay is part of a broad
menu of assays, including tests for enumeration of ep-
ithelial cells, endothelial cells, melanoma cells, and
breast cancer cells expressing PDL-1. The assays use
the CellSave tube, which stabilizes the sample for up to
96 hours at ambient temperature and allows shipment
of samples from remote locations for analysis and im-
proves the reproducibility and reliability of CTC analy-
sis.

THE STRUGGLE: UTILIZING THE OPEN CHANNEL

Next, a great deal of discussion went into selecting a marker
for identification in the open channel. While the available litera-
ture offered a wide variety of markers used in multiple myeloma,
we wanted to select the most common ones in order to pick up
the highest percentage of patients with the disease.

Ten years ago, most diagnostic testing for multiple myeloma
was done in bone marrow, but finding those same cells in circu-
lation can be a difficult process. Some markers may not be ideal
for testing cells in peripheral blood. Though our team finally de-
cided on a marker for the open channel, it turned out that marker
was not found frequently on CMMC:s in the circulation. While the
cells were positive for that marker in the bone marrow, when they
moved into circulation, we discovered they tended to lose that
marker. That part of the assay was subsequently dropped from

development.

THE RESULT: A REPRODUCIBLE CMMC ASSAY

By March 2011, our team succeeded in developing an au-
tomated assay capable of reproducibly isolating CMMCs from
the peripheral blood of patients with multiple myeloma. The assay
provided valuable information regarding how the number of
CMMCs changed with progression of the disease, or in response
to treatment.

In the final phase of development, our group transferred the
assay to the clinical development team. Both groups carried out
side-by-side testing to make sure the results matched, and then
trained team members on the assay so they could run it independ-
ently.

In 2018, we published results of a study based on the
CMMC assay in The British Journal of Hematology.? Our research
indicated the assay could be used to investigate the biology of
the disease and potentially monitor progression, especially in
early stage asymptomatic disease.

In the study, we counted CMMCs from over 1,000 patient
samples, including those with newly diagnosed MM and SMM.
In the newly diagnosed patients, CMMC counts correlated with
other clinical measures of disease burden, including percentage
of bone marrow plasma cells, serum M protein, and International
Staging System stage. Patients with CMMC counts equal to or
greater than 100 in 4 ml of blood during remission had worse
progression free survival compared with patients who had less
than 100. Those with undetectable CMMCs had even greater
overall survival benefits. Patients with SMM showed a trend to-

ward higher-risk myeloma states with higher CMMC counts.

ASSAY & EXPERTISE TRANSFER TO MENARINI LAB
SERVICES

In 2017, Menarini Silicon Biosystems acquired CELLSEARCH
from Janssen. This marked the transfer of the CMMC assay to
Menarini’s Laboratory Services, which provides global laboratory
testing with the CELLSEARCH platform, from Phase | to Phase Il
clinical trials. With a CLIA-certified and ISO15189-accredited lab
in the US and a mirror lab in ltaly, as well as its proprietary Cell-
Save tube, which stabilizes samples for 96 hours to enable inter-
national shipping, MSB partners with clinical investigators and
pharmaceutical companies throughout the world to perform

global clinical trials.



A maijority of the R&D team that orig-
inally developed the CMMC assay also
became part of Menarini. With nearly two
decades of pharma services development
and clinical trial testing experience, our
Assay Development and Lab Services
teams have created close to a dozen cus-
tom assays and participated in testing for
nearly 100 clinical trials.

We continue to use our expertise with
the CELLSEARCH platform to develop cus-
tom assays, helping our partners make the
best use of the technology in order to de-
velop companion diagnostics that can ac-
celerate the validation of personalized
therapies. By using the only FDA-<leared
CTC platform, our partners who use their
data for FDA submissions are confident in
the quality and reproducibility of their as-

says.

The CMMC assay is now available as
a laboratory service, part of a broad menu
of assays available to Menarini’s pharma-
ceutical and academic partners. Other
ClIA-regulated tests on the menu include
tests for enumeration of epithelial cells,
melanoma cells, and breast cancer cells
expressing PDL-1.

These assays are designed in collab-
oration with company scientists and can
be customized for many different types of
cells, based on the target of the trial. The
system can be tailored to detect different
types of tumor cells in the same way that it
was tailored to capture and detect
CMMCs.

After developing the assay for a par-
ticular biomarker of interest, we can also
provide information beyond just the num-

ber of cells captured, depending on the

The CELLSEARCH system uses automated sample capture and analysis on a
four-color semi-automated fluorescence microscope. It separates rare CTCs
from blood using ferrofluid nanoparticles coated with antibodies to target
EpCAM cells.

specific parameters of the clinical trial. Al-
though the available open channel on the
CELLSEARCH platform ultimately wasn't
needed for the CMMC assay, it offers po-
tential for even more selectivity for assay
development. Using that channel, we can
look for the expression of the marker to ver-
ify patient eligibility for the trial, or monitor
how that expression changes before, dur-
ing, and after therapy to determine the
therapeutic effect of the drug being stud-
ied.

Similar to the development process for
the CMMC assay, we approach custom
assay development in phases. If at any
point we conclude the assay won't work,
the company does not have to pay to pro-
ceed to the next phase of development.
This gives our R&D team the opportunity to
explore new, novel markers and develop
innovative assays while minimizing the fi-

nancial risk for our partners.

With
DEPArray™ technology to the assay work-

the addition of Menarini’s

flow?, the possibilities for customized enu-

meration, isolation, and molecular charac-
terization of rare cells are even greater.
DEPArray is an automated image-based
cell selection platform that can recover sin-
gle cells of interest from heterogeneous
samples for downstream molecular analy-
sis.  Combining this functionality with
CELLSEARCH allows further identification,
isolation, and characterization of cells of
interest based on a wide range of param-
eters, including cell characteristics, expres-
sion analysis, mutations, next-generation
sequencing, and more.

With the CMMC assay, the
CELLSEARCH platform can separate the
cells from a blood sample, producing an
enriched population of CMMCs to be an-
alyzed with the DEPArray technology,
which enables molecular characterization
of those individual cells in realtime. Not
only does the workflow? allow the re-
searchers to monitor the number of
CMMCs, it also enables them to observe
the specific molecular changes that occur
throughout the disease progression, which
will likely have therapeutic implications for

this rapidly moving, dynamic cancer.
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PUSHING PRECISION MEDICINE
FORWARD

In 2020, Menarini Silicon Biosystems
will launch the CMMC assay as a re-
search-use-only commercial kit. Like the de-
velopment of the original assay, this
process was not without its challenges, in-
cluding the need to design a more stable
capture reagent when it was discovered
that CD138 alone was not stable enough
for commercial use. To address this at the
time, our team developed a modified cap-
ture reagent that combined both CD138
and CD38. The CMMC RUO kit will be
used with a new research-use-only blood
collection tube containing a new blood
preservative that helps stabilize CD138.
This the the
CD138/38 hybrid capture reagent, which
results in significantly lower background.

By offering the CMMC assay as a kit

eliminates need for

that researchers can run on their own in-
strumentation, the hope is that it will open
new doors on further investigating these
cells. As researchers learn more about the
molecular dynamics of multiple myeloma,
this could have a significant impact by
helping to identify patients that will re-
spond to an already existing drug, or lead
to the development of new, more effective
treatments, an important step forward for

precision medicine research.
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PEGylation - Three Decades of Product Approvals &
Technology Development

By: Esay Okutgen, PhD, Alper Orhan MSc, and Josef Bossart, PhD

With the 30-year anniversary of the
first product approval using PEG (polyeth-
ylene oxide polymer) conjugation, Enzon’s
Adagen (pegadamase), it seems an appro-
priate occasion to review the evolution of
the technology (PEGylation) and subse-
quent product approvals. PEGylation refers
to the conjugation of PEG to biologically
active molecules with the obijective of en-
hancing the therapeutic performance of
these molecules. The more important ben-
efits of PEGylation are to extend drug half-
life and reduce host immune responses.
This latter benefit was critical for the devel-
opment of the first two approved PEGy-
lated products, Enzon’s Adagen, a
bovine-derived adenosine deaminase for
the treatment of severe combined immune-
compromised deficiency (SCID), and On-
caspar, E. coli-derived asparaginase, for
the treatment of pediatric acute lym-

phoblastic leukemia (ALL).

Adagen and Oncaspar, both non-
human enzymes, depend on PEGylation to
reduce the immune response that limits
their therapeutic usefulness. They use a

PEGylation strategy that involves the non-

specific attachment of multiple, relatively
small, 5kDa PEG molecules. This non-spe-
cific attachment strategy, under the proper
experimental conditions, does not signifi-
cantly disrupt the active site of the enzyme
but does suppress the undesired immune
response.

In contrast, the next PEGylated prod-
ucts to be approved, Peglntron and
Pegasys, depend primarily on PEGylation
to extend the circulating halflife of the par-
ent proteins, interferons for the treatment
of Hepatitis C. In addition to extending the
dosing frequency from three times weekly
to once weekly, both PEGylated products
have demonstrated improved efficacy and
tolerability in comparison with the unPEGy-
lated proteins. These products are notable
because they were the first approved prod-
ucts using a strategy of a limited number
of larger PEG molecules attached in a rel-
atively specific manner. This approach re-
tains the activity of the cytokines while
their half-life.

Peglntron and Pegasys use somewhat dif-

extending circulating
ferent strategies in terms of PEG polymer
size and geometry. Schering-Plough’s
Peglntron, using Enzon- developed technol-
ogy, attaches a single 12-kDa linear suc-
cinimidyl carbonate PEG (SC-PEG) to
amino groups, with as many as 14 differ-
ent positional isomers. Roche’s Pegasys,

developed with Shearwater technology,

features a single 40- kDa branched SC-
PEG linked to amino groups with four po-
sitional isomers. Approval of the two
competing products resulted in patent chal-
lenges that were resolved with a cross i-
cense of intellectual property between
Shearwater, Inhale Therapeutics at the
time, and Enzon.! Excellent discussions of
these and other PEGylation strategies are
provided in several review articles.?4
These two approaches, multiple non-
specific small PEGs as used with Adagen
and Oncaspar, and a very limited number
of larger more specific PEGs used with
Peglntron and Pegasys, accompanied by
subsequent  improvements in linker
chemistries, provided the foundational
strategies for the products that followed. A

summary of key approved products is pre-

sented in Table 1.

In addition to the aforementioned four
pioneer products, several PEGylated prod-

ucts deserve a mention.

Amgen’s Neulasta (pegfilgrastim), a
recombinant human granulocyte colony-
stimulating factor (GCSF) analog for the
treatment of neutropenia, involves the at-

tachment of a single linear 20-kDa PEG to



the N-terminus position of the glycoprotein using a novel aldehyde

alkylation strategy.

Eyetech’s (Bausch) Macugen (pegaptanib), an anti-angio-
genic oligonucleotide for the treatment of neovascular (wet) age-
related macular degeneration (AMD), represents the only
approval to date of a PEGylated aptamer. PEGylation involves at-
tachment of a single branched 40 kDa to an amine at the 5’ end
of the aptamer. PEGylation provides the necessary protection from

serum nucleases to extend the half-life of this sensitive molecule.

UCB'’s Cimzia (certolizumab pegol), a tumor necrosis factor
alpha for the treatment of a variety arthritic-related conditions,
represents the first, and to date, only use of PEGylation to extend
the duration of action of an antibody fragment. The product fea-

tures an engineered thiol that permits selective attachment of a

40kDa branched PEG.

Affymax’s Omontys (peginesatide), a functional analog of
erythropoietin for the treatment of anemia, is still the only peptide
to be approved using PEGylation. Omontys used a unique 40-
kDa branched PEG linker to connect the two separate peptides

11 n Molecular PEG
Product 2221';::;,’ Ap':)':ztal Weight M‘}'}‘;::'e Size N::ger Geii‘:w Key Benefit
(kDa) (kDa)

Adagen Enzon 1990 96-126 Enzyme 5 11-17 Linear Reduced
(pegadamase) (US) Immunogenicity
ST Enzon [ “leBRe 8 Enzyme 5 69-82 Linear Reduceq )
(pegaspergase) (US) (tetramer) Immunogenicity
Peg-intron Schering-Plough 2000 31 Protein 12 1 Linear Duration of Action
(PEG-interferon alpha 2b) gy (Canada)
Pega.sys Roche 2 001 60 Protein 40 1 Branched Duration of Action
(peginterferon alfa-2a) (Switzerland)
Soma.vert Sensus 2002 42-52 Protein ) 4-6 Linear Enhan.ced Stab|.I|ty,
(pegvisomant) (EV) Duration of Action
Neul

eu ?Sta . Amgen A 39 Glycoprotein 20 1 Linear Duration of Action
(pegfilgrastim) (US)
Macugen 2004 Enhanced Stability,
(pegaptanib) Eyetech (us) 50 RNA Aptamer 40 1 Branched Duration of Action
Mircera . Roche A/ 60 Cytokine 30 1 Linear Duration of Action
(Peg-erythropoietin beta) (EV)
Cimzia 2008 Antibody Enhanced Stability,
(certolizumab pegol) ucse (Us) o1 Fragment 40 ! Branched Duration of Action
Omontys 2012 . Enhanced Stability,
(peginesatide) Affymax (US) 45 Peptide 40 ! Branched Duration of Action
Movantik 2014 Small . Limit CNS
(naloxegol oxalate) Nektar (US) 0.65 Molecule 04 ! Linear Exposure
Plegrldy Biogen AV 44 Protein 20 1 Linear Duration of Action
(peginterferon beta-1) (EV)
Jintrolong 2014 62
(pegylated recombinant GeneScience ) . Protein 40 1 Branched Duration of Action

(China) (estimated)

human growth hormone)
Rebinyn Novo Nordisk 2017 98 Protein 40 1 Branched Duration of Action
(nonacog beta pegol) (US)

. . . . 2018 250 ) Reduced
Palynziq (pegvaliase) BioMarin us) (Eeren) Enzyme 20 9 Linear ey
Jivi Bayer 2018 234 Protein 60 1 Branched Duration of Action
(damoctocog alfa pegol) v (US)

2018 Reduced
Revcovi (elapegademase) Leadiant 113 Enzyme 5.6 13 Linear Immunogenicity,
(US) e
Enhanced Stability
Asparlas _ 2018 313 _ Reduced
I I Servier (us) enemen) Enzyme 5 31-39 Linear Immunogenicity,
(e e el Enhanced Stability
|2 Novo Nordisk AN 216 Protein 40 1 Branched Duration of Action
(turoctocog alfa pegol) (US)
Besremi ) 2019 ; Duration of Action,
(ropeginterferon alfa-2b) PharmaEssentia (EV) 60 Protein 40 1 Branched Improved Safety

Key PEG Product Approvals (1990-August 2020). Source: PharmaCircle Pipeline & Products Intelligence Module
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of the dimer.?2 The product was recalled
from the market in 2013, within a year of
approval, because of hypersensitivity is-

sues, and formally withdrawn in 2019.

Nektar’s Movantik (naloxegol ox-
alate), an opioid antagonist for the treat-
ment of opioid-induced constipation,
represents the only approved PEGylated
small molecule. The therapeutic strategy of
using the PEG, in this case a 400-Da (7-
mer), is fo increase the hydrodynamic size
of the molecule, limiting passage across
the Blood Brain Barrier, while still antago-
nizing opioid binding in peripheral tissue.
The PEG is connected through an ether
linkage to the é-a-hydroxyl.

Two recently approved products, Lea-
diant’s (Sigma-Tau) Revcovi (elapegade-
mase) and  Servier's  Asparlas
(Calaspargase pegol) are notable in that
they represent “redos” of the first two ap-
proved PEGylated products, Adagen and
Oncaspar, respectively. A quick look at
Table 1 reveals that they basically use the
same PEGylation approaches with the
same therapeutic objectives as their precur-
sors; non-specific PEGylation with 5-kDa
PEG. The difference is the PEG linker used.
The two earlier products both used SS-
PEG, succinimidyl succinate PEG, which
produced an ester linkage between the
PEG conjugate and enzyme that was sen-
sitive to hydrolysis. In contrast, Revcovi
and Asparlas both use SC-PEG reagents,
succinimidyl carbonate PEG, that produce
a more stable connection without the ester
linkage. In the case of Asparlas, this has
also resulted in a longer duration of

action.4

While not a “redo” as such, Phar-

maEssentia’s Besremi  (ropeginterferon
alfa-2b) combines interferon alpha 2b,
the native protein in Schering-Plough’s
Peglntron, with the PEGylation strategy of
Roche’s Pegasys, a 40-kDa branched PEG.
Approved by the EMA in 2018, the prod-
uct is indicated for the treatment of Poly-
cythemia Vera rather than the original
Hepatitis C indications of Peglntron and

Pegasys.

A number of PEGylated products did
not make it through to approval, a few of
them using a novel chemical or therapeutic
strategy that are worth understanding.

In the early 2000s, Enzon undertook
the development of a pair of PEGylated
small molecule antineoplastic drugs using
releasable linkers. The concept was that
these molecules, chemotherapeutics linked
to either end of a bifunctional PEG mole-
cule, would be preferentially taken up by
tumor cells and, when released in the
tumor, exert selective cytotoxicity. These
larger molecules would also be less subject
to kidney filtering and excretion, extending
duration of action. The results with both
camptothecin (Pegamotecan) and pacli-
taxel (Peg-Paclitaxel), which went as far as
Phase 2 trials, were unconvincing. Beyond
the failure to provide any type of clinical
benefit, there were formulation concerns as
these products used 40-kDa bifunctional
PEG:s. This resulted in very large molecules
that carried only two actives but increased
the overall product mass about 50-fold.
This suggested a very large dosage form
that might have led to issues related to the
accumulation of these 40-kDa-released

PEGs. The development of these products

was quietly discontinued. Since then, the
suggestion has been made that this strat-
egy might be feasible with the use of multi-
arm PEG molecules.

An inferesting small molecule PEGylo-
tion strategy that was terminated for busi-
ness rather than clinical reasons was
Nektar's Kyvoda (oxycodegol), an opioid
analgesic with designed abuse-deterrent
properties. The product was a é-mer PEG
molecule conjugated through an ether link-
age fo the 6-o-hydroxyl of a reduced ana-
log of oxycodone. The addition of the PEG
was intended to slow, but not prevent, the
central uptake of the analgesic and limit its
abuse potential. While the product was
shown effective and safe in clinical trials,
it was rejected by an FDA advisory com-
mittee at a time when all opioids, regard-
less of abuse- deterrent potential, were
under very close scrutiny. Nektar chose to
withdraw the product’s application with
the FDA rather than continuing to advance

info regulatory headwinds.

A review of the PharmaCircle Pipeline
& Products Intelligence module reveals a
total of 49 PEGylated products at some
stage of registration or clinical develop-
ment. This includes three products filed for
approval, 12 in Phase 3, 20 in Phase 2,
and 14 in Phase 1. It would be an under-
statement to say the pipeline is robust.
These products represent both innovative
products and biosimilars. Among this four
dozen or so products are two that embody
interesting PEGylation or therapeutic strate-
gies.

ACP-001 (lonapegsomatropin), cur-
rently in registration in the US, uses As-

cendis Pharma’s TransCon technology to



conjugate a 40-kDa PEG with human
Growth Hormone (hGH) and release the
fully active native hGH. The effect is an ex-
tended circulating halfife that permits dos-
ing once per week versus the usual once a
day for hGH.

Molecular Partners’ and Allergan’s
(AbbVie) DARPin (abicipar pegol) is an
anti-VEGF protein filed for approval with
the FDA for the treatment of neovascular
(wet) age-related macular degeneration. It
is a 34-kDa molecule composed of a 14-
kDa recombinant protein and a 20-kDa
PEG. Intended for administration intravitre-
ally every 2 to 3 months, the product re-
cently received a Complete Response Letter

from the FDA related to safety issues.

PEG REAGENT SUPPLY &
SUPPLIERS

There was a point some 20 years ago
that the supply of monodispersed PEG
reagents was severely constrained as a re-
sult of patents, restrictive licensing supply
agreements, and a single supplier of the
unactivated PEG polymers. A cross license
between Enzon and Nektar largely re-
solved the patent issues for each com-
pany’s clients.” With basic PEG patents
expiring over the next decade, the field
was opened to new competitors. The result
has been further innovation and a robust
pipeline of products and product ap-
provals. A quick search of PharmaCircle’s
CMO/CRO database identified no less
than 31 companies offering PEG reagents
in a wide variety of sizes, geometries, and

activation chemistries.

WHAT'S NEXT FOR
PEGYLATION?

After 30 years of drug approvals and
a full pipeline, there is litle question that
PEGylation will be relevant for at least the
next decade. Was PEGylation fortunate
that's its birth coincided with the emer-
gence of macromolecule therapeuticsg Or
was the field of macromolecules fortunate
that PEGylation arrived when it did?

Newer conjugation approaches
promising comparable benefits are yet to
deliver product approvals. Any new tech-
nology will face a difficult business envi-
ronment. The economics of PEGylation
started to shift in the late 1990s as Enzon'’s
foundational PEGylation patents were ap-
proaching their end of life and Shearwater
was offering attractive technologies with
more competitive pricing. There are no
longer any pesky licensing fees required to
use PEGylation. All that is needed is the
supply of a suitable PEG reagent and the
necessary know-how.

When technology becomes open
source, it often leads to limited investment
and innovation because there is little moti-
vation to invest without intellectual property
protection. PEGylation has flourished for
the past decade as an open source tech-
nology. Will this continue or will openness
actually stifle the development of next-gen-
eration PEGylation technologies? Let's see

where PEGylation is a decade from now. #
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PLATFORM

TECHNOLOGY

Morphomer™ & SupraAntigen™ Platrorms: Targeting

Mistolded Proteins in Neurodegenerative Disorders

By: Andrea Pfeifer, PhD

INTRODUCTION

Neurodegenerative diseases are an ongoing public health cri-
sis, with the two most common, Alzheimer’s disease and Parkin-
son’s disease, affecting more than 55 million patients worldwide. '3
Marketed therapies for these debilitating disorders provide only
temporary relief from symptoms leaving patients and their care-
givers to cope with disease progression and society bearing the
tremendous socioeconomic costs associated with medical care
and lost productivity.#> Advanced forms of neurodegenerative dis-
eases are particularly challenging to treat; indeed, using current
diagnostic technologies, it may already be too late to intervene
at the time of diagnosis.¢ Thus, an urgent need exists for new tech-
nologies that can detect pre-symptomatic neurodegenerative dis-
ease, as well as novel disease-modifying treatments that can halt
or reverse disease progression.

Protein misfolding and aggregation within and around neu-
rons is a major hallmark of neurodegenerative diseases.” Proteins
that normally carry out essential functions in the healthy brain un-
dergo changes in their three-dimensional structures resulting in
abnormal conformations that can alter or completely disrupt pro-
tein functions. For example, changes in three-dimensional protein
structure may lead to rearrangement of hydrogen bonding sites
and an increased tendency for misfolded proteins to aggregate
into specific oligomers, forming B-sheets. Pathological changes to
three-dimensional protein structure, proteinopathies, in the brain
can be caused by various events, such as genetic mutations and
oxidative stress, but in most cases, the specific mechanisms un-
derlying changes in protein structure remain poorly understood.

Each neurodegenerative disease has a specific hallmark pro-

tein (or set of proteins) that undergoes structural changes and as-
sembles info insoluble aggregates. In Alzheimer’s disease, amy-
loid-beta and the protein Tau form amyloid plaques and
neurofibrillary tangles, respectively; whereas, in Parkinson’s dis-
ease, alpha-synuclein accumulates and generates cellular inclu-
sions known as Lewy bodies. Depending on the protein, these
toxic aggregates can accumulate inside neurons or in the extra-
cellular space and ultimately cause irreversible damage to neu-
rons.

Misfolded proteins in the extracellular space may also drive
the progression of neurodegenerative disease through the induc-
tion of seeding, a process by which misfolded proteins drive the
spread of protein aggregates throughout the brain by inducing
the misfolding of protein molecules still in their naive state. Further,
interactions between different protein species can lead to cross-
seeding events and the existence of co-pathologies. For example,
people with advanced stages of Alzheimer’s exhibit aggregation
of not only Tau and amyloid-beta, but are also more likely to har-
bor misfolded variants of other proteins, such as alpha-synuclein
or TAR DNA-binding protein 43 (TDP-43).8°

The complex aggregation and interactions of the many pro-
tein species involved in neurodegenerative diseases have moti-
vated the pursuit of precision and combination medicine
approaches to target the right protein at the right time. To drive
the development of such therapies, therapeutic and diagnostic
tools targeting a broad array of proteins are needed. Moreover,
tools should specifically target aggregated forms of the relevant
proteins or their pathological precursors, as less-specific targeting
of all forms, including the “normal” form, of a protein may disrupt

critical biological functions. The development of these tools may



enable the detection of misfolded proteins
before clinical symptoms are evident and
the prevention of the neurodegeneration
that leads to cognitive or motor impair-
ment.

As well as the usual challenges of
drug development, there are challenges
specific to the development of agents de-
signed to target proteins of the central
nervous system (CNS). CNS-targeting ther-
apies and diagnostics must distinguish be-
tween normal and toxic forms of the same
proteins that differ only by their spatial con-
formation, a substantial challenge that the
body’s natural innate immune system can-
not meet. Further, such targeting agents
must have an ability to cross the highly im-
permeable blood-brain-barrier, while, at
the same time, maintaining a favorable
safety and tolerability profile.

Here, we detail the efforts of AC Im-
mune, a Swiss-based, clinical-stage bio-
pharmaceutical company with a broad
pipeline focused on neurodegenerative dis-
eases, fo develop the therapeutic and di-
agnostic  tools necessary to enable
precision medicine approaches targeting
the right protein, at the right time, in the
right patient. AC Immune’s industry-lead-
ing pipeline includes a broad array of con-
formation-specific antibodies, vaccines,
and small molecules directed against mis-
folded and pathological forms of both well
established (eg, Tau and amyloid-beta)
and novel (eg, TDP-43) targets in neurode-
generative diseases.

The pipeline is powered by the com-
pany’s two proprietary drug development
platforms, SupraAntigen™ and Morphomer™.
Together, these platforms accelerate the de-
sign, development, and validation of
highly selective small molecules, antibod-
ies, and vaccines for therapeutic and diag-

nostic applications. These platforms are

Morphomers (blue) are conformation-specific, non peptidic, small molecules
designed to specifically recognize pathological misfolded and B-sheet-rich
aggregated protein forms (green). Morphomers show drug-like properties,
including brain penetration, and can enter cells to access intracellular
deposits of aggregated proteins.

complementary and have been optimized
specifically to overcome the challenges of
developing therapeutic or diagnostic can-

didates for CNS proteinopathies.

Morphomer is a platform designed to
enable the development of small molecules
(Morphomers) able to bind/interact with B-
sheet containing fibrillary aggregates from
candidate selection through preclinical
proof-of-concept. Morphomers (Figure 1)
can target pathological protein aggregates
in any brain compartment and are equally
well suited for therapeutic and diagnostic
applications.

The first key component of the Mor-
phomer platform is its library of rationally
designed, CNS-optimized non-dye com-
pounds. AC Immune’s extensive know-how
has enabled the identification of CNS com-
pounds that penetrate the brain and
demonstrate selectivity for the target. This
knowledge has been used to focus the
Morphomer library to approximatively

10,000 compounds that display these fa-

vorable characteristics, making this library
an ideal starting point when developing
molecules to target human proteinopathies
of the CNS. Thus, rather than using the
non-directed trial-and-error strategy of the
typical drug development process, the
Morphomer platform utilizes its bias for
successful CNS candidates to improve ef-
ficiency and accelerate the early stages of
the drug development process.

Following the identification of initial
hits from the Morphomer library, promising
compounds undergo several rounds of it-
erative medicinal chemistry hitto-lead op-
timization. A thorough testing process
highlighted by AC Immune’s proprietary
suite of quantitative and qualitative selec-
tion assays provides the required feedback
for continued compound optimization.
These assays are designed to identify the
hits showing in vitro activity against se-
lected targets. The different assays are de-
signed to provide detailed insights into one
specific component of the molecule’s target
mechanism of action and allows the rank-
ing of compounds according to their per-
formance. Such ranking is useful both for

the identification of potential lead com-

Drug Development & Delivery October 2020 Vol 20 No 7

N
L -



Drug Development & Delivery October 2020 Vol 20 No 7

©w
(]

pounds, and to further refine the original CNS-biased compound
library for future applications. Compared to typical drug devel-
opment assays, AC Immune's assays expedite the lead selection
process by reducing false positives, and ultimately more accu-
rafely identify compounds likely to specifically bind selected tar-
gets in vivo.

Once identified as a lead compound, the candidate then
moves info the next phase of proof-of-concept testing. While no
animal model can fully reflect the complexity of a human neurode-
generative disease, AC Immune has developed or gained access
to a large collection of rigorously validated, relevant translational
animal models to systematically evaluate a candidate’s effect on
the individual processes of human disease. Understanding how
a small molecule targets pathological protein aggregates, if it pre-
vents seeding rather than spreading: each feature can be deter-
mined through the application of a specific state-of-the-art assay
to AC Immune’s highly translational animal models.

The Morphomer platform has grown into an invaluable asset
that has contributed to the development of AC Immune’s industry-
leading clinical pipeline for neurodegenerative diseases. Today,
it stores years of research resulting in a detailed mechanistic un-
derstanding of the interactions of small molecules with an ever-in-
creasing number of hallmark proteins implicated in
neurodegenerative diseases. It provides a painstakingly optimized
array of assays and compounds to further expand this expertise
and accelerate the progression of small molecules through the
drug development process. The platform has generated PI-2620,
a Tau-positron emission tomography (PET)-tracer in Phase 2 devel-
opment in partnership with Life Molecular Imaging, and ACI-
3024, a small molecule Tau inhibitor in Phase 1 testing under a
partnership with Eli Lilly and Company. Most importantly, it offers
a strong foundation to continue to create the next generation of

small molecules addressing novel targets with increasing effi-

ciency.

THE SUPRAANTIGEN™ PLATFORM

SupraAntigen is a liposome-based technology platform de-
veloped to generate biologicals for immunotherapy. It was first
developed by AC Immune's scientific cofounders for applications
in oncology to overcome a challenge common to both cancer and
neurodegenerative diseases: the lack of immunogenicity of dis-

ease-causing self-proteins. The SupraAntigen platform uses lipo-

FIGURE 2

The SupraAntigen platform targets misfolded proteins
through antigens (red) displayed on the surface of
liposomes. These peptides, which mimic the targeted
pathological form of the protein, are attached to the
liposomal bilayer (yellow) using liposomal anchors
(green) and presented together with the adjuvant
(blue).

somes (small spherical vesicles formed by a lipid bilayer, as
shown in Figure 2), to present specific antigens designed to evoke
an immune response and generate antigen-targeting antibodies.
SupraAntigen is used to generate conformation-specific anti-
bodies for immunotherapy in neurodegenerative diseases.’® The
overarching idea behind the platform is that antibodies, which
are large in size, are wellsuited to target extracellular proteins,
interrupt spreading of pathological proteins, and break up and
clear aggregates of misfolded proteins through phagocytosis.
AC Immune is the first and only company that has acquired
advanced mastery of the design and manipulation of liposomes
to develop either passive or active immunization techniques to
generate antibodies targeting neurodegenerative diseases. When
pursuing active immunization approaches, AC Immune uses lipo-
somes carrying a specific antigen as a vaccine. Affer vaccination
with a liposome, antigen and confirmation-specific antibodies are
produced naturally by the host with very high affinity without fur-
ther optimization. This immune response can be long-lasting and
may be ideal to prevent the onset of a disease, as the immune

system is now primed to rapidly identify disease-causing mis-



folded proteins.

To develop passive immunization
strategies, AC Immune relies on the gener-
ation of antibodies, for example by inject-
ing liposome constructs in mice, adapting
them to the human immune system, and fi-
nally administering them to the patient to
promote clearance of misfolded proteins.
While passive immunization relies on fre-
quent administration of exogenous anti-

|II

bodies, the “external” generation offers the
opportunity to optimize antibodies for spe-
cific properties, which can prove critical
when the patient’s immune system is not
capable of producing the desired antibod-
ies on its own.

AC Immune is pioneering the lipo-
some approach in CNStargeted im-
munotherapy and has gained unique
experience when it comes to engineering
peptides, adjuvants, and liposomes. Such
experience has facilitated the development
of an approach that is superior to standard
liposome-based techniques. While early [i-
posome work suggested a length limitation
of 15-50 amino acids for single peptides
attached on a liposome, AC Immune’s li-
posome technologies can incorporate sev-
eral short peptides or whole proteins,
enabling larger yield of antibodies and an-
tibodies targeting a broad range of epi-
topes and epitopes with posttranslational
modification.

A critical aspect of AC Immune’s lipo-
some-based technology is its ability to gen-
erate antibodies that are specific for
precise protein conformations, as the mis-
folded proteins that are the hallmark of
neurodegenerative disease differ from self-
proteins only by their conformational state.
This tour de force is achieved by precisely
controlling and stabilizing the spatial
arrangement of the peptides on the surface

of the liposome, allowing peptides to be

presented fo the immune system in a con-
formation-specific configuration. Arrang-
ing peptides in repetitive arrays can
simulate aggregates and generate anti-
bodies that recognize pathologic self-pro-
teins as foreign. Excitingly, it is now
possible to specifically induce a B-sheet
conformation of peptides on the surface of
the liposome. "

As AC Immune's liposome approach
creates a range of antibodies against a
specified target, it allows for the selection
of those antibodies with the highest affinity
and selectivity. When pursuing passive im-
munization techniques, AC Immune aims
to select an antibody candidate that com-
bines high affinity and high specificity for
the target, as this enables a favorable
safety and tolerability profile. Compared
to typically employed antibody selection
approaches, AC Immune employs an ac-
celerated process by utilizing an extensive
collection of specific proprietary assays.
These assays are comparable to the pro-
prietary assay suite used in the Mor-
phomer platform, and have been designed
and implemented by AC Immune to expe-
dite the drug development process in a
similar manner.

SupraAntigen has generated numer-
ous anti-Tau and anti-Abeta antibodies
such as crenezumab, currently in Phase 2
testing in partnership with Genentech, a
member of the Roche group. ACI-35.030,
an anti-phosphoTau vaccine in Phase
1b/2a development and partnered with
Janssen Pharmaceuticals, was also devel-
oped using the platform.

Similar to Morphomers, the develop-
ment of potential lead antibodies is accel-
erated by access to AC Immune’s
previously described bank of human brain
tissue from patients with neurodegenera-

tive diseases. Once in vitro activity target

engagement with human tissue has been
established, an antibody candidate is fur-
ther validated in AC Immune’s collection of
relevant translational animal models. As
with Morphomer, the SupraAntigen plat-
form is much more than a technique by
which to generate candidate vaccines and
antibodies, as it accelerates the drug de-
velopment process from its initial stages
through preclinical proof-of-concept and

validation in human tissue.

The AC Immune platforms are the
foundation of a pipeline that includes nine
therapeutic and three diagnostic candi-
dates, with six being actively studied in
clinical trials. Candidates target a broad
array of pathological proteins, including
classical hallmarks of Alzheimer’s disease,
such as amyloid-beta and Tau, as well as
novel targets, such as alpha-synuclein and
TDP-43.

The power of the Morphomer and
SupraAntigen platforms can also be seen
when focusing on a single target, such as
Tau. AC Immune has advanced four Tau-
targeting assets into the clinic, including
the anti-phosphoTau vaccine ACI-35.030,
Morphomer Tau small molecule aggrego-
tion inhibitor ACI-3024, anti-Tau mono-
clonal antibody semorinemab, and
Tau-PET+4racer PI-2620. Further highlighting
the truly comprehensive approach the com-
pany is taking against this high-value tar-
get, several of these assets are first-inclass
with all having best-inclass potential in a
highly competitive race to bring Tau-target-
ing therapeutics and diagnostics to pa-

tients.

The immense value of the Morphomer
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and SupraAntigen platforms is validated
not only by the exciting preclinical and
clinical data generated to date, but also
by AC Immune's partnerships with leading
global pharmaceutical companies, includ-
ing Genentech, Janssen, and Lilly, all of
whom have maintained long-standing
dominant positions in development and
sales of CNS therapeutics. These partner-
ships have already generated significant
revenue for AC Immune, more than the
company has raised from investors, with-
out including potential milestones and roy-
alties. In summary, these platforms are
remarkable from both the scientific and
business perspective, and their productivity
will only increase as AC Immune continues
to accumulate knowledge and adapt to the
discovery of novel targets in pro-
teinopathies, paving the way for precision

medicine in neurodegeneration. ¢

REFERENCES

1. GBD 2016 Dementia Collaborators.
Global, regional, and national bur-
den of Alzheimer’s disease and other
dementias, 1990-2016: a systematic
analysis for the Global Burden of Dis-
ease Study 2016. Lancet Neurol
2019; 18: 88-106.

2. Alzheimer’s Disease International.
World Alzheimer Report 2019: Atti-
tudes to dementia.
https://www.alz.co.uk/research/wor
|d-report-2019.

3. GBD 2016 Parkinson’s Disease Col-
laborators. Global, regional, and nao-
tional burden of Parkinson’s disease,
1990-2016: a systematic analysis for
the Global Burden of Disease Study
2016. Lancet Neurol 2018; 17:
939-53.

4. Uddin MS, Kabir MT, Tewari D, et al.

Emerging signal regulating potential

of small molecule biflavonoids to com-
bat neuropathological insults of
Alzheimer's disease. Sci Total Envi-
ron. 2020; 700:134836.

5. ElHayek YH, Wiley RE, Khoury CP, et

al. Tip of the iceberg: assessing the
global socioeconomic costs of
Alzheimer's disease and related de-
mentias and strategic implications for
stakeholders. J Alzheimer’s Dis.

2019; 70(2): 323-341.

6. Sheinerman KS, Umansky SR, Early

detection of neurodegenerative dis-
eases: circulating brain-enriched mi-
croRNA. Cell Cycle. 2013; 12(1):
1-2.

7. Selkoe DJ. Folding proteins in fatal

ways. Nature. 2003;426(6968):900-
904.

8. Robinson JL, Lee EB, Xie SX, et al.

Neurodegenerative disease concomi-
tant proteinopathies are prevalent,
age-related and APOE4-associated.
Brain. 2018;141(7):2181-2193.

9. Karanth S, Nelson PT, Katsumata Y, et

al. Prevalence and Clinical Phenotype
of Quadruple Misfolded Proteins in
Older Adults. JAMA Neurol.
2020;e201741.

10. Hickman DT, Lépez-Deber MP, Ndao
DM, et al. Sequence-independent
control of peptide conformation in li-
posomal vaccines for targeting pro-
tein misfolding diseases. J Biol
Chem. 2011;286(16):13966-
13976. doi:10.1074/
jbc.M110.186338.

11. Theunis C, Crespo-Biel N, Gafner V,
et al. Efficacy and safety of a lipo-
some-based vaccine against protein
Tau, assessed in tau.P301L mice that
model tauopathy. PLoS One.
2013;8(8):672301.

To view this issue and all back issues online,
please visit www.drug-dev.com.

BIOGRAPHY

Prof. Andrea Pfeifer cofounded AC
Immune in 2003, where she holds since
foundation the position of CEO. Prior to
AC Immune, she was head of Nestlé's
Global Research in Lausanne, Switzerland,
and managed a group of more than 600
people. While at Nestlé, she led the
scientific development of the first Functional
Food, LC1, and one of the first
Cosmoceutical products in a joint venture
with 'Oreal, Innéov Fermeté. She also co-
founded the Nestlé Venture Capital Fund,
a € 100Mio. life Sciences corporate
venture fund. She serves as chairwoman
of the Biofechmedinvest AG Investment
Fund, Basel, and AB2Bio, Lausanne, and
is member of the Supervisory Board of
Symrise AG, Holzminden. Prof. Pfeifer is a
member of the the CEQi Inifiative on
Alzheimer's disease. She was recognized
in 2009 as Technology Pioneer by the
WEF and Swiss Entrepreneur of the Year
by Emst&Young. Additional recognitions
include the BioAlps prize 2013, the
election as one of the top 10 women in
biotech from Fierce Biotech, and one of
the 300 most influential personalities in
Switzerland. Prof. Pfeifer eamed her PhD
in Toxicology, Cancer Research from the
University of Wiirzburg, Germany and
continued with postdoctoral work in
Molecular Carcinogenesis at the National
Institutes of Health, Human Carcinogenesis
Branch, in Bethesda, USA. She is a
registered Toxicologist and Pharmacist,
received her habilitation from the University
of lausanne, Switzerland, and is an
honorary professor at the Ecole
Polytechnique Fédérale de Lausanne,
Switzerland. She has published more than
200 papers and abstracts in leading

scientific journals.




The Preferred Partner
in the Oral Drug Delivery of
BCS Il and BCS IV Compounds

Utilizing our Peptelligence® technology,

we are the pioneers in the oral formulation
of BCS Il & IV compounds including
peptides and peptidomimetics.

www.enterisbiopharma.com




Drug Development & Delivery October 2020 Vol 20 No 7

©w
S

CDMO CASE STUD¥

AJILITY: Streamlining Drug Product Manutacturing

By: Dustin Campbell

INTRODUCTION

In the current pandemic landscape,
there is an increased focus on faster turn-
around times. As drug developers race to
get these critical therapies info the clinic and
subsequently into commercial production,
they are expediting the CDMO selection
process along with tightening timelines for
tech transfer, and the preparation and re-
lease process for fills.

Clinical timelines in general are usu-
ally very fast; and now, there is a stronger
expectation that the CDMO can adjust
quickly to meet the changing demands of
the customers’ programs.

There is also a large influx of govern-
mentsponsored and funded programs that
are increasing the overall demand for ca-
pacity and intensifying the pressure on
CDMO:s to provide flexible, high-quality
service that can meet the expectations of
customers and the public. Demand for co-
pacity is at an allime high as clients look
for fill and finish services for COVID-19 and
Emergency Use Authorization (EUA) thera-
peutics, and CDMOs struggle alongside
other industries to manage the changing
landscape of doing business during the
pandemic.

In response to this ever-evolving envi-
ronment, it is more important than ever for
CDMO:s to ensure they are proactive with
how they plan, resource, and execute pro-

grams with their customers; rather than re-

Ajinomoto Bio-Pharma Services' robust filling lines are desigried.to
minimize product loss.and offer a comptehensive range-of-vial-batch sizes
and vial size configurations. :

acting to the larger challenges they are fac-
ing with supply chain and general product
development.

While there has always a constant in-
flux of drug products to the market, since
the start of the pandemic, the speed and the
number of vaccines, therapeutics, and can-
didates that have entered in clinical devel-
opment has been extraordinary, making
CDMOs and their capacity for manufactur-
ing these products in high demand.

This past May, Ajinomoto Bio-Pharma
Services announced two separate supply
agreements with CytoDyn and with Hu-
manigen to provide fill and finish manufac-
turing for their respective drug products,
currently in clinical trials for COVID-19 pao-

tients.!2

PROACTIVE PLANNING

The CDMO industry prides itself on its
flexibility, adaptability, and responsiveness
to changing customer needs. Helping drug
developers address the challenges their pro-
grams may encounter, and adapting fo their
needs, is at the core of a successful CDMO
business model.

Can CDMOs be more flexible¢ Offer
more adaptive solutions¢ Provide more re-
sponsive services¢ How can customers get
their life-saving treatments to the clinic
faster2 Those were the questions that Aji-
nomoto Bio-Pharma Services asked itself as
the pandemic continued to spread.

In response to those questions and the
changing landscape, the AJILITY™ platform

was established.? The notable advantage of



the AJILTY platform is the ability for clients
to leverage Ajinomoto Bio-Pharma Services’
extensive experience in drug product man-
ufacturing, technical knowledge, and regu-
latory support expertise to expedite
therapeutics to the clinic, while maintaining
the highest of quality standards.
Fundamentally, the AJILTY Platform
takes the burden off the client and allows
Ajinomoto Bio-Pharma Services to drive,
manage, and support clients’ drug product
manufacturing, maximizing speed and suc-
cess, and gives our clients peace of mind to
partner with a CDMO that will prioritize
these programs and drive them to comple-

tion.

AJILITY PLATFORM

In considering and developing the AJlL-
ITY platform, the Ajinomoto Bio-Pharma
Services team worked through every step
and aspect of the manufacturing process to
define this service offering in order to pro-
vide a high level of support, ensuring a suc-
cessful tech transfer or design of the clinical
program from start to finish.4

There are some program details that
tend to have a bigger impact on the timeline
for tech transfer to a CDMO than others.
Often, clients rely on input from consultants
or historical precedent to dictate program
decisions on things from components and
method qualification to excipients and
more.*

With  AJILTY, the Ajinomoto Bio-
Pharma Services team provides their expe-
rience fo select and recommend a
fasttracking program that introduces fewer
variables, speeding up the program time-
line and minimizing the need for third-party
support. Clients are able to select from in

stock, preferred components and excipients

FIGURE 2

manufacturing,

from a long list of Ajinomoto Bio-Pharma
Services GMP qualified vendors, rely on
Ajinomoto Bio-Pharma Services personnel
to set formulation details, fill tolerances and
inspection-ready criteria based on expert-
ise, and participate in an expedited review
of methods and discussion/consultations as
part of the proposal generation process.
During the tech transfer and manufac-
turing process, Ajinomoto Bio-Pharma Serv-
ices works with quality in  mind,
incorporating additional flexibility into the
process by performing compendial methods
verifications in parallel with manufacturing
activities, and working concurrently on
batch documentation reviewing to support
a quick release. Performing risk assessments
early in clinical development is another tac-
tic customers use to fast track the clinical
process and expedite the path to filing. Re-
lease timelines are often subject to great
variability based on issues that arise during
the manufacturing process. Deviations result
in investigations that can significantly im-
pact the timeline for release. Working with
an experienced CDMO can leverage know-
how on the front end to save headaches on

the back end.

Clients also benefit from remote site au-

i high-speed pre-filled syringe line, 'using Restrie
Barrier Access (RAB). . sk

diting. Current travel restrictions and con-
cerns are making the standard in-person
audit difficult, and the compliance team at
Ajinomoto Bio-Pharma Services has devel-
oped a virtual and online site visit and audit
experience fo ensure customers are meeting
their quality obligations for selecting or
maintaining a qualified vendor. Through the
use of the portal systems and virtual site
tours, clients can be assured they will be
able to perform a thorough review of the fa-
cilities and quality systems and have con-
nections with the subject matter experts to
meet their program requirements and qual-
ity standards. Other efficient tools for speed-
ing up time fo release include working from
templated batch documentation to quickly
generate a Master Batch Record (MBR), uti-
lizing an existing library of packaging and
labeling components, and employing exist-
ing validated shipping configurations and
preferred couriers.

The Ajinomoto Bio-Pharma Services
regulatory team provides guidance with e-
submissions and EUAs, discussing your pro-
gram needs and working with regulatory
agencies to tailor procedures to your pro-
gram. Ajinomoto Bio-Pharma Services has

a long history of working with the FDA on
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Ajinomoto Bio-Pharma Services uses dedicated system technology with
integrated fill line and lyophilization unit for filling highly potent
compounds, including ADCs. ‘

these types of submissions and is uniquely
qualified to support these types of programs
be it for COVID or other indications.

FOCUSED TECH TRANSFER

Tech transfer activities for bringing a
new product or process info the facility are
usually rate-limited by analytical method
transfers, availability of components, and
formulation specifics. Especially in early
stage novel therapeutics, there are often
gaps between the state of the methods for
in-process control and product analysis and
what is suitable for cGMP operations.

Likewise, with the formulation process,
these early stage programs have been per-
formed on a bench top with inadequate at-
tention having been paid to the scale and
process characterization needed to ensure
a successful cGMP operation. Many times
this is an education process between both
the customer and the CDMO, with the rate-
limiting terms needing clarification to be in
place prior to a run. A clinicalto-commer-
cial program typically involves fewer un-

knowns, but includes long lead time

activities that may or may not propose a risk
to a customer’s timeline depending on the
quality of the process characterization ac-
tivities that the customer and CDMO fo-
cused on during clinical development.
With the AJILITY platform, leveraging
Ajinomoto Bio-Pharma Services’ experience
to ensure the best fit for the product and the
facilities, the time to manufacturing is
greatly reduced, and many of the chal-
lenges that typically occur can be planned
for or altogether avoided. Qualifying and
transferring a product fo a new CDMO can
be a stressful and difficult ordeal for clients,
and the AJILITY platform is a key resource
for getting patients the therapeutics they
need. Late-stage development also has time
and cost hurdles that can be circumvented
by designing these early stage programs in
such a way as to leverage as much infor-
mation as possible in late-stage and de-
crease the scope of work needed to get

from clinical to commercial scale.

TAILORED DRUG PRODUCT
MANUFACTURING

Once tech transfer activities are final-
ized, drug product manufacturing can bring
its own challenges to work through, from
batch record completion and engineering
studies to fill line availability, which individ-
vally and together can traditionally slow
programs down.

To overcome these hurdles and reduce
variables, the AJILITY platform offers several
areas fo gain time-savings. For example,
there is the potential to skip engineering
studies prior to cGMP operations (depen-
dent on the product), using the existing |i-
brary of mixing and product contact parts
to minimize compatibility studies, and fill
line flexibility allows clients to benefit from
capacity availability. Ajinomoto Bio-Pharma
Services has multiple filling lines for all stan-
dard formats, including vials, syringes, and
cartridges. Taking advantage of Ajinomoto
Bio-Pharma Services’ extensive experience
in manufacturing a wide variety of drug
products and working together on these
program considerations can significantly cut

down the manufacturing timeline.

ENSURED PRODUCT QUALITY

Well-designed product quality and an-
alytical programs are critical to ensure a
successful final product. Ajinomoto Bio-
Pharma Services’ on-site laboratories are
equipped with sophisticated equipment, en-
abling our scientists to employ a full range
of methodologies and techniques to charac-
terize clients’ products and develop fest
methods to validate a product’s quality
through its life cycle.

The AIILITY platform offers time-savings

for analytical services while sustaining prod-



uct quality with concurrent and in parallel
reviews and method verifications, mini-
mized analytical transfer scope, and satel-
lite ID samples for bulk drug substance lots
sent back to the drug substance manufac-
turer to decrease the cost and time associ-

ated with method transfer.

EFFICIENT PACKAGING &
SHIPPING

In order to support a product’s clinical
performance and market success, Aji-
nomoto Bio-Pharma Services offers in-house
labeling and packaging solutions that pro-
vide greater safety and efficiency for your
supply chain with our Drug Supply Chain
Security Act compliant track and trace serv-
ice. On-site storage and distribution services
minimize supply chain risk inherent to third
party sites and makes the supplier manage-
ment process simpler for our clients

Customers using the AJILITY platform
are able fo choose from an existing library
of packaging and labeling components, use
validated shipping configurations and pre-
ferred couriers and allow Ajinomoto Bio-
Pharma Services personnel to schedule the
shipments, and have drug product lots
shipped, often under quarantine if the situ-
ation permits. Shipping is one less thing
clients need to worry about with the AJILITY

platform.

AGILE REGULATORY SERVICES

Ajinomoto Bio-Pharma Services has a
long history of partnering with our clients
on unique programs that require prompt at-
tention and a strong regulatory strategy.
Our agile regulatory team works to expe-
dite processes allowing us to manufacture

your product faster with process perform-

ance qualification and commercial manu-
facturing in mind.

Collaborating with a regulatory service
group that has expertise in EUA product re-
quirements, has an established e-submission
policy with the FDA, a CMC section author-
ing program, concurrent batch documenta-
tion review, and can advocate for your
program with regulatory agencies and pro-
vide the guidance and support to get your
therapeutic reviewed and approved quickly
and efficiently.

Using the AJILTY platform, Ajinomoto
Bio-Pharma Services’ regulatory team is avail-
able fo assist with and has contributed to nu-
merous clinical and marketing application
submissions, and is ready to help with your
regulatory submissions, clinical filings, and
commercial launches. Clients need a team
that has the experience and insight to help
navigate any obstacles and progress these

critical vaccines and therapies to clinics.

REMOTE ACCESS MONITORING

The ability to observe the manufactur-
ing process is something that varies among
CDMO:s. Ajinomoto Bio-Pharma Services
offers a personalized, secure, and remote
viewing platform for clients to monitor their
filling process through our
ClientConnect™ portal. This provides the
clients with the ability o monitor the opera-
tions in real time and to stay connected to
their product even when they cannot be
physically present.

Ajinomoto Bio-Pharma Services remote
auditing procedures additionally provide
clients with technology platforms to support
live, interactive conversation/interviews,
guided walk-through of operational areas,
and the ability to review documents and

data.

DESIGNED FOR SPEED

While the pandemic has presented a
unique opportunity for our customers to cap-
italize on Ajinomoto Bio-Pharma Services'
regulatory and manufacturing expertise
through our AJILITY integrated drug product
manufacturing platform, the AJILITY pro-
gram will be available beyond the pan-
demic for any therapeutic program that
needs flexible and responsive support for
expediting your life-saving therapeutic to the
clinic. With AJILITY, clients can move from
signature to filling in as litfle as 6 weeks. For
more information about the AJILITY plat-
form, visit AjiBio-Pharma.com/AJILITY. &
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DRUG
DELIVERY

Recognizing the Patient Potential for Transdermal

Drug Delivery

By: Sally Waterman, PhD and Vasiliki Nikolaou, PhD

THE IMPORTANCE OF CONSIDERING DELIVERY IN
DRUG DEVELOPMENT

Developing drugs to successfully treat life-altering diseases is
a daunting and challenging task. Not only do researchers have
to identify an active compound, but it must also be delivered to
the target site without being broken down or causing severe side
effects. It is therefore important that drug developers consider the
best way to deliver a drug at the outset of the development
process.

Traditional methods of drug delivery, such as oral or intra-
venous (IV), have limitations both in their effectiveness and their
practicality. Oral delivery is generally considered to be the most
desirable as tablets and capsules can be easily manufactured in
very large numbers, and most patients are able to self-administer
them. However, there are some drugs that are extensively
metabolised when given by the oral route, limiting their bioavail-
ability, and others that cause gastrointestinal (Gl) side effects. It
may also be difficult to avoid offtarget side effects because of
spikes in the amount of drug in the blood following each dose.
The delivery of drugs by the IV route overcomes the problems as-
sociated with firstpass metabolism and Gl side effects but has
other practical implications. The product needs to be manufac-
tured and packed under sterile conditions, and patients cannot
self-administer their treatment. Injections can be painful, and some
patients find the use of needles an unpleasant experience. IV de-
livery also produces spikes in the drug concentration in the blood,
so side effects can still be a problem.

For conditions that are local, such as pain from an injury,

topical drug delivery with creams, gels, and patches can avoid
Gl side effects and, because the products are designed to deliver
drugs locally, reduce systemic levels and thereby the risk of seri-
ous side effects. When systemic delivery of the drug is required
for it to be effective, sustained release from a transdermal product,
such as a patch, can improve bioavailability by avoiding first-
pass metabolism, and reduce side effects by delivering the drug
gradually over an extended period. Extended delivery of the drug
can also reduce the frequency of dosing relative to immediate-re-
lease oral or IV products, which helps improve patient compli-
ance.

There are, however, some downsides to topical and trans-
dermal treatments. The skin has evolved to be a highly effective
barrier, protecting the body from external factors and preventing
water from escaping. Drugs delivered through the skin must there-
fore have certain physicochemical properties to be able to pass
through this barrier so not all are suitable for delivery via this
route. One assessment of suitability is to determine whether the
drug satisfies Lipinski’s rule of 5: has a molecular weight of <500
Da, <5 hydrogen bond donors, <10 hydrogen bond acceptors
and a partition coefficient (log P, lipophilicity measurement) of
<51

If a drug has physicochemical properties that favor its deliv-
ery info or through the skin, a range of formulation options can
be considered. Creams and gels can be easily washed or rubbed
off and can deliver only a relatively small amount of drug at each
application, so must be applied multiple times a day. In addition,
dose control is difficult because of user variability in the amount

that is applied. A patch is formulated with a defined amount of



drug, and assuming it sticks well to the
skin, provides certainty over the dose.
Patches can be formulated with higher
amounts of drug than creams or gels so
dosing is less frequent and extended deliv-
ery over multiple days may be possible.
Patch formulations therefore have benefits

over topical creams and gels.

GROWING POPULARITY OF
PATCH PRODUCTS

Patches are well-established for treat-
ing motion sickness and for smoking ces-
sation and have more recently been
developed for localized pain relief, deliv-
ering drugs such as diclofenac and ibupro-
fen directly to the site of the pain, as well
as for chronic conditions such as
Alzheimer’s disease, Parkinson’s disease
and schizophrenia. There is increased in-
terest in transdermal delivery of drugs, and
the patch market is predicted to grow at a
rate of 4.2% between 2017 and 20252

There are several types of a drug de-
livery patches: matrix, reservoir, multi-lam-
inate, and drug-in-adhesive. All have a
multi-layered structure with a backing film,
an adhesive for sticking the patch to the
skin, and a protective release liner that is
removed before the patch is applied. The
drug and excipients are either combined
with the adhesive or in a separate layer.
Most of the patches used by the pharma-
ceutical industry are of reservoir/
controlled-release membrane and drug-in-
adhesive design.® Some patches are un-
suitable for low-potency drugs because
insufficient drug can be loaded into the
patch to provide efficacious levels of drug
in the blood. Other issues include insuffi-
cient adhesion to the skin, which could

lead to reduced efficacy if the full dose is

not delivered, and a poor patient experi-
ence with many patches being uncomfort-
able, painful to remove, or unattractive
due to a black ring around the patch

caused by “cold-flow” of the adhesive.

NEW TRANSDERMAL PATCHES
IN DEVELOPMENT

Medherant is a transdermal drug de-
livery technology developer based in
Coventry, UK. The company develops
drug-in-adhesive patches using its unique
TEPI Patch® technology. lts lead product is
a patch formulation of an approved oral
therapy for smoking cessation. This is a
drug-in-adhesive formulation that uses a
novel adhesive which overcomes many of
the limitations of other patches currently on

the market, including the following:

¢ The adhesive enables a higher payload
(up to 50% wt) to be added so it can be
used to formulate a wider range of less-
potent drugs or to extend the duration
of delivery of a drug. In addition, per-
meation enhancers can be added to im-
prove penetration of the drug through
the skin. The high drug loading capacity
also means that smaller and thinner

patches can be produced.

* The novel adhesive sticks to the skin
very well, important for ensuring that
the intended dose of the drug is deliv-

ered.

e The patch is painless to remove and
does not leave a black ring on the skin,

so it is more acceptable to users.

* Drugs are readily released from the ad-

hesive leading to less residual drug in

the patch on removal, important for its

safe disposal.

ADVANTAGES OF TREATING
ALZHEIMER'S DISEASE
TRANSDERMALLY

Whilst localized pain relief is an ob-
vious and growing market for transdermal
drug delivery patches, there are many
other diseases in which this technology of-
fers distinct advantages. One such disease
is Alzheimer’s, the incidence of which is in-
creasing as the proportion of elderly peo-
ple in the population grows. Dementia, of
which around 60% to 70% is due to
Alzheimer's disease, is predicted to affect
152 million people worldwide by 2050,
a 204% increase from 2018.45 This will
have a big impact, not only on the lives of
those affected and their families, but also
on health and social services. It is pre-
dicted that the cost of dementia in the UK
will more than double in the next 25
years.5 Alzheimer’s disease is still relatively
poorly understood, and drugs developed
to date are only treating some of the symp-
toms, rather than preventing or curing the
disease. It is important that we research
ways to prevent it and slow its progression
to lessen its impact, as well as developing
and improving those treatments that al-
ready exist.

Oral dosing in Alzheimer's disease
patients has its own specific problems. De-
mentia’s main symptom is memory loss, so
ensuring dose compliance is difficult as it
is likely that the patient will forget to take
their medication. A patch that delivers the
prescribed drug dose over an extended
period offers a potential solution to this
issue, as well as reducing the risk of some

side effects by avoiding exposure to the Gl
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tract and eliminating the spikes in drug
blood levels. In addition, elderly people
are predisposed to develop dysphagia
(difficulty swallowing) due to comorbid
health conditions, and this can affect their
ability to take oral medication.

One of the few drugs already ap-
proved for the treatment of dementia in
Alzheimer's disease is  donepezil.
Donepezil is an acetylcholinesterase in-
hibitor that prevents the neurotransmitter
acetylcholine from being broken down.
Acetylcholine is found in lower levels in
brains affected by Alzheimer’s. It is impor-
tant for communication between nerve
cells, so maintaining its levels is important
for healthy brain function.” Donepezil is
currently available as a tablet to be taken
daily. lts side effects include nausea and
vomiting.® Rivastigmine, an alternative
acetylcholinesterase inhibitor used in
Alzheimer’s disease, is currently available
as a patch formulation that delivers the
drug over 24 hours.? The use of a patch to

treat Alzheimer’s has therefore been estab-

lished. Donepezil is being developed as a

patch formulation by several companies.

HOW CAN TRANSDERMAL
PATCHES TREAT
CHEMOTHERAPY-INDUCED
NAUSEA & VOMITING?

As well as offering clear compliance
benefits in Alzheimer’s disease, transder-
mal patches can help deliver drugs in pa-
tient groups with other challenges
associated with oral dosing. One such
treatment area is chemotherapy-induced
nausea and vomiting (CINV). This is a
common problem for those going through
chemotherapy, and it is hard fo treat as it
is difficult for patients to keep down any
orally dosed medication. If the patient is
unable to retain the oral dose, it will not
be absorbed and therefore cannot treat the
CINV effectively. IV dosing is not an attrac-
tive alternative as making patients stay in

hospital longer around each dose of

chemotherapy is both unappealing for the
patient and costly for the healthcare
provider. It is also important to consider
that patients are more likely to miss a dose
of chemotherapy or have their dose re-
duced if they suffer from CINV, so finding
a solution is of utmost importance.
Patients with CINV often need to take
more than one drug to reduce their symp-
toms. Providing patch formulations of these
drugs would reduce their pill burden. The
goal is to ensure patients can receive and
retain the full dose of their drug to reduce
nausea and vomiting so they feel well
enough for their planned course of
chemotherapy to proceed without dose re-
duction or missed doses. A patch formula-
tion of granisetron is already available
and a patch formulation of olanzapine,
which is approved to treat schizophrenia
and bipolar disorders'® but is also used off-
label to treat CINV, is in development for
cancer patients being treated with poly
ADP ribose polymerase (PARP) inhibitors.
There is an opportunity to produce patch
formulations of other drugs used to treat
CINV, such as palonosetron, dexametha-
sone or rolapitant!’, to improve the quality

of life of cancer patients.

HELPING PATIENTS BY
RETHINKING DELIVERY

It is clear from these examples there
are many diseases for which delivery route
is an important factor that should be con-
sidered when treatments are being devel-
oped. Whilst the pharmaceutical industry
has traditionally focussed on oral or IV de-
livery options, there are significant poten-
tial benefits of alternative methods of drug
delivery for patients suffering from a range

of diseases. It is therefore important the po-



tential benefits of other methods are consid-

ered, both for existing treatments to im-

prove patient outcomes and experience,

and for new treatments from the outset of

the development process. Transdermal

drug delivery patches have the potential to

significantly improve not only the outcome

of treatments but also the quality of life for

those patients using them, the ultimate goal

of any drug development professional.

Working alongside a drug delivery special-

ist should therefore be essential for every

drug developer. ¢
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Immunic Therapeutics: Developing

Next-Generation Oral Drugs in Chronic
Daniel Vitt, PhD
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CEO & President
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Immunic Therapeutics

Immunic Therapeutics is a global, clinical-stage biopharmaceutical
company developing a pipeline of selective, small molecule therapies aimed
at treating chronic inflammatory and autoimmune diseases, including
relapsing-remitting multiple sclerosis, ulcerative colitis, Crohn’s disease, and
psoriasis. It is also testing its lead compound against COVID-19. Founded in
2016, the company rapidly created a risk-balanced pipeline of potentially
best-inclass, orally available molecules comprising two compounds with
attractive safety profiles and known targets, and one potentially disruptive
technology, all focused on indications with high unmet need and significant
market value.

Drug Development & Delivery recently interviewed Daniel Vitt, PhD,
Immunic’s Chief Executive Officer and President, to discuss the Company’s
pipeline and progress. Dr. Vitt was previously at 4SC, where he was a

founder and also served as Chief Scientific and Chief Development Officer.
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Q: What can you tell us about Immunic’s progress over the

past year?

A: Immunic began 2019 as a small, private company based in
Germany with our lead program being in one clinical Phase 2
trial and two preclinical assets. Within the year, we had
transformed into a Nasdag-listed, public pharmaceutical
company via a reverse takeover and had advanced our lead
program into three clinical Phase 2 trials and one of our earlier
programs into clinical Phase 1 development. We also
established our corporate headquarters in New York, creating a
truly transatlantic organization with a European subsidiary. It
was a very productive and exciting year for us. An ever quicker
and stronger transformation occurred with the COVID-19
pandemic when we recognized that our lead program, IMU-
838, should clearly be tested as a potential treatment for SARS-
CoV-2 infections, given its already known broad-spectrum
antiviral activity.

We also expanded the leadership team and board. Several
of us have worked together for many years as executive leaders
at 4SC, which | cofounded in 1997. We already have a great
and trustful working relationship and, last year, we rounded out

the team with complementary experience and expertise that

brings in fresh new thinking and even more dynamics.

Q: You've developed an advanced pipeline rather quickly.

What can you tell us about it?

A: Immunic was founded when we bought two programs from
4SC, where three of Immunic’s founders were part of the team
that developed them. The discovery, preclinical development,
and a bit of the early clinical work had been done, so we were
able to get started very quickly. In fact, we dosed our first patient
during the first week the company was open. Today, we have

three assets in our pipeline:

- IMU-838 is an orally available small molecule investigational
drug (vidofludimus calcium) that inhibits dihydroorotate
dehydrogenase (DHODH) for which we recently announced
excellent Phase 2 results for the treatment of relapsing-remitting
multiple sclerosis (RRMS) and that is currently in Phase 2 testing
to treat inflammatory bowel disease (IBD) with potential for
other chronic inflammatory and autoimmune diseases. We
recently initiated a Phase 2 trial in moderate COVID-19
disease based on IMU-838’s previously known antiviral
activity and positive in vitro data against SARS-CoV-2. IMU-
838 is also being studied in an investigator-sponsored Phase
2 trial by the Mayo Clinic as a potential treatment for the rare

disorder, primary sclerosing cholangitis (PSC).

- IMU-935 is a highly potent oral IL-17 inhibitor and selective
inverse agonist of the transcription factor RORyY (retinoic acid
receptor-related orphan nuclear receptor gamma) with
additional activity on DHODH. Based on preclinical data,
Immunic believes that it has potential as a best-in-class therapy
for various inflammatory and autoimmune diseases. IMU-935
is currently in Phase 1 testing with plans to extend these studies
in 2020 to assess safety and mechanism-related biomarkers in

patients with psoriasis.

- IMU-856 is an orally available small molecule modulator that
targets a transcriptional regulator of intestinal barrier function
that we licensed from Daiichi Sankyo. Immunic believes it is
highly innovative and potentially disruptive, representing a
new treatment approach with a mechanism of action that
targets the restoration of the intestinal barrier function in
patients suffering from diseases like IBD or IBS-D and other
intestinal barrier function-associated diseases. The Company
expects that because IMU-856 avoids suppression of immune
function, IMU-856 should maintain immune surveillance for

patients. IMU-856 currently is in Phase 1 development.
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Q: Can you discuss the challenges in developing new

therapies for autoimmune disease?

A: | believe autoimmune disorders are very underserved,
particularly when you consider the unmet need relative to the
amount of research taking place. Especially in autoimmune
diseases, | believe it's vitally important to truly hear what patients
and their care providers have to say about what meaningful
progress would look like to them.

In considering patient need, we took a very deep look at the
benefits and shortfalls of existing treatments, and then thought
about how we might substantially change the treatment
paradigm. For MS patients for example, it might be something
that prevents physical disability. By assimilating their
perspective, everything takes on another color. It's what gets us
up every morning with a sense of urgency to get to work and
excited to make a difference.

Second, we found that one of the most important factors to
keeping on track is to properly anticipate clinical trial recruitment
potential. Of course, that's easier said than done.

For example, in one of our indications, we are competing
for the same patients that other companies are also trying to
recruit. In an ironic development, we had strong activity signals
at a dose lower than anticipated, so we find ourselves enrolling
patients for an additional cohort that we thought would end, so
in a competitive environment, that impacts our timelines — but this
is a good problem to have. A different trial enrollment was
completed twice as fast as we expected based in large part on
a smart frial plan, which made it attractive to patients and
treating physicians.

So, it's important to carefully review the competitive trial

landscape to predict speed of enrollment, but there will also

always be some factors that are beyond your control.

Q: Do you see advantages of small molecules for

autoimmune diseases?

A: The truth is that patients need both small molecules and
biologics because they offer different benefits. Injectables have
some obvious disadvantages to a simple daily pill, as well as a
more complex supply chain and higher costs. That said,
antibodies can have a benefit when it comes to specificity.

We have a lot of PK/PD data on IMU-838 as a result of the
extensive work done prior to Immunic, and among the
encouraging aspects we see are an excellent 30-hour halflife, a
quick wash-out period, very good safety at the doses tested and
no kinase inhibition, all of which lead us to believe there is
potential for IMU-838 to be the first really safe and well-tolerated
and easy-to-use treatment option for early RRMS. This may also
allow for combination therapy with biologics. In addition, we
recently obtained very strong Phase 2 data of IMU-838 in RRMS,
underlining our belief that IMU-838 could provide RRMS patients
with a distinctive combination of robust efficacy combined with

favorable safety and tolerability.

Q: What is your business model as you approach late

stage development?

A: We believe deeply in our assets and are committed to seeing
them come to market. Therefore, we listed on Nasdaq in order
to raise enough capital to see us through the next major value
inflection points and fo advance the assets by ourselves, if we so
choose.

That said, if the right partner with the right deal comes
along, we're open fo it. In the future, we might make some
decisions in this regard that create options for us, such as an
ability to expand potential indications or advance another asset
by making a deal.

Ultimately, we're very much open to deals with partners that
we trust, that have the same commitment to the space and to the
belief in high quality that we hold, and that offer a deal that

makes sense for our mission and for our shareholders.



Q: What do you see as the advantages of maintaining a

dual presence in both Germany and the US?

A: We've structured the company such that we've retained the
strong research team’s local ties to academia and industry in
Germany, as well as connections to European regulatory
agencies. At the same time, we have quick access to financial
markets in New York and regulatory agencies in the US, all of

which will be central to our long-term success.

Q: You recently exercised your option from Daiichi Sankyo
on IMU-856. Why are you particularly excited about this

compound?

A: IMU-856 reflects an entirely new approach for the treatment
of gastrointestinal diseases, such as IBD or IBSD, which is to
restore intestinal barrier function by regulating genes linked with
infestinal cell interactions and adhesion. It looks like it could
have the ability to do so without impairing general immune
function, which would be a kind of revolutionary new treatment
for patients in this space. If successful, this approach potentially
opens up whole new avenues for treating diseases of the
digestive track.

Moreover, I'm also enthusiastic about this partnership. We
developed a strong relationship with the team at Daiichi Sankyo
over a period of time that actually predates this program. This
long-term relationship has instilled a lot of confidence on both
sides. As a result, we have complete belief in the quality of the
data, and therefore in the program that we've taken over. We
exercised our option to the exclusive global license in January of
this year and while it's a bit of a risk, it underscores our

enthusiasm and confidence.

Q: What are the near-term milestones on tap for Immunic

in 2020°?

A: 2020 is a very big year for us. I'll start with our lead asset,
IMU-838. As mentioned, we initiated a Phase 2 trial in moderate
COVID-19 disease. We already knew that the compound
possessed broad antiviral potential, so we quickly assessed it in
vitro against SARS-CoV-2 and determined that it showed enough
activity to proceed quickly into clinical testing. Fortunately, IMU-
838 has an attractive pharmacokinetic, safety, and tolerability
profile and, to date, has already been tested in about 650
individuals, which should enable us to shorten the development
timeline. In light of the global health crisis caused by COVID-19,
we view this strategic expansion of our therapeutic focus as
urgent and necessary.

Additionally, we announced strongly positive Phase 2 data
in RRMS in August, reporting achievement of both primary and
key secondary endpoints with high statistical significance. As
such, we are prepared to start our Phase 3 program, which
we're already actively planning now.

We expect to see data from our partners at Mayo Clinic in
PSC in the first half of next year as well. Because there are
currently no treatments approved for this condition, this program
has the potential to advance quickly towards approval.

With regard to IMU-856, we initiated a Phase 1 trial in
August 2020. As | mentioned, there is a lot of excitement around
this molecule, both internally and externally in the
gastrointestinal community, so we are looking forward to seeing
this program advance.

Finally, we also reported initial Phase 1 safety and PK data
from IMU-935 in healthy volunteers and initiated the expansion
of the Phase 1 studies. In addition, we are currently in the
process of identifying suitable orphan indications with high
unmet medical need for further development of IMU-935.

While 2019 was an incredibly productive year for Immunic,
2020 is proving to be equally so. We've set a lot of goals for
ourselves and I'm pleased that, to-date, we have established a

record of executing on our plans and delivering what we've set

out to. @
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DEVICE

DEVELOPMENT

Designing Devices for Inhaled Drugs

By: Andreas Meliniotis

INTRODUCTION

Not all medicines are suitable for de-
livery via a tablet or capsule, or even by
injection or infusion. Some are best deliv-
ered via inhalation, often because they are
treating a condition that affects the lungs,
but with this route of delivery comes the re-
quirement for a suitable device. Traditional
inhalers and nebulizers can be difficult to
operate, and require the patient to time
their inspiration breaths with the drug’s re-
lease. Additionally, devices may not be ap-
propriate for «all patients, such as
pediatrics, or may also be difficult to oper-
ate for those with dexterity issues, such as
osteoarthritis.

There is, therefore, plenty of opportu-
nity for the development of new, improved
devices to ensure inhaled drugs can be ac-
cessible for a wide range of patients and
can treat various diseases and conditions
effectively. The starting point when design-
ing a new device should always be to de-
fine its target market, user needs, and
possible regulatory pathway. Innovators
need to work with engineers and designers
to focus on who the device is for, and what
the requirements of both the drug and the
patient population are fo ensure success.

With this list of top-level criteria in
hand, the design process can begin. Usu-

ally, as an initial step, there would be a

number of different concepts that are pro-
posed, which are then ranked in terms of
both benefits and disadvantages. Those
that are the closest match to the require-
ments would be advanced through to the
more detailed design stage, where practi-
cal considerations such as the devices’
manufacturability and scalability would be
assessed.

The next step is to take these detailed
design concepts, and make sample de-
vices using 3D printing or another rapid
prototyping method. However good and
detailed a drawing might be, it is not a
substitute for a physical prototype, which
allows a thorough assessment and gives a
real sense of how it might work in the
hands of a patient. Having a plastic device

also allows tests to be carried out at an

early stage as a dry run to reduce time
later.

These prototype devices will also
allow laboratory tests to determine how the
formulated drug is likely to behave in the
device and early mechanical tests to be
carried out against those key functional pa-
rameters that were defined at the outset.
These assessments will allow a list of criti-
cal quality attributes (CQAs) for the device
to be defined.

INTO PLASTIC

If, after these initial studies, the pro-
posed device looks to be promising, then
a more robust prototype will be made. The

use of computer-aided design and rapid

FIGURE 1




mould tools allow this to typically be com-

pleted within é weeks.

Rapid development tooling is an early
investment that can pay substantial divi-
dends later on. Prototypes made via 3D
printing are adequate for early studies and
assessment, but once multiple examples
are required for festing in the laboratory,
this becomes unfeasible. There are essen-
tial developmental tests that can only be
done on rigid plastic prototypes, including
drop tests and mechanical abuse level
loading type tests, as well as environmen-
tal tests (the conditions of which are noted
in 1ISO20072 ) that cannot be carried out
effectively without a plastic device.

These prototypes will also be suitable
for more functional tests, and tested
against the functional specifications based
on user needs. The user needs are inde-
pendent of the product concept, whereas
the functional specifications are testable
and can be conceptspecific. Table 1
shows examples of how functional specifi-
cations relate to user needs.

If the prototype meets all the require-
ments at this stage, the next step is device

verification, again comparing it o the func-

tional specifications. This will allow a trace-

ability matrix to be created that will collate
the evidence that it meets the functional
specification and the list of user needs.

Human factors studies are particularly
important in the design, as they look at
how the device behaves in the hands of the
likely user population. Initially, the studies
will be conducted with relatively small num-
bers of subjects, and with the user groups
that are most likely to show user errors.
These may include the elderly, where com-
mon chronic conditions may mean there
may be dexterity issues, or young children,
who may not have the strength or coordi-
nation to operate the device effectively.

It is often easier to recruit healthy vol-
unteers as subjects (or volunteers who are
healthy aside from those dexterity issues).
Such studies are an excellent tool for sifting
out potential problems early on in the de-
velopment process: in the long run, it will

always be faster and cheaper to iron these

issues out at an early stage than to
progress a project into late-stage clinical
trials only to have it fail because the device
was not suitable. Rather, the best strategy
is likely to be to create multiple iterations
of prototypes, repeating the human factors
studies each time, until a device that meets
all the requirements has been identified.
The amount of studies needed depends on
the complexity of the user interface; typi-
cally five or six formative studies spaced
across the device development cycle are
required for a new device design, and a
final validation study is conducted to
demonstrate acceptable performance
against the user needs, with a sample of
the intended user population.

In terms of device design, a careful ex-
ploration of all the possibilities will assist
in choosing the right concept from the out-
set and, if necessary, to head down a par-
allel path instead to ensure they are fully
explored before committing to a specific
design. Evaluating the human factors is es-
sential in risk reduction and can be done
in a comparative fashion when multiple de-
signs, or elements of designs, are still
being considered, thus guiding the design
at relevant points in development.

The device development process typi-
cally follows a stage-gate process in which
the project is reviewed with a board of rep-
resentatives from across the relevant disci-
plines. The development is structured so
that initially, the Target Product Profile
(TPP), user requirements, including the user
needs and intended uses, are reviewed at

the first stage-gate, followed by the con-

User Needs

Functional Specifications

The device shall be operable by the patient
population

The device shall require no more than 10 N of
force to operate the button

The device shall be portable

The device shall weigh less than 500 g

The device shall protect the drug from
moisture

The doses shall be contained within individually
sealed aluminum blisters
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"The device development process typically follows a stage-gate

orocess in which the project is reviewed with a board of representa-

tives from across the relevant disciplines. The development is structured

so that initially, the Target Product Profile (TPP), user requirements, in-

cluding the user needs and intended uses, are reviewed at the first

stage-gate, followed by the concepts at the second stage-gate, formal

designs, device verification, manufacturing equipment, validation, and

finally preparation for market.”

cepts at the second stage-gate, formal de-
signs, device verification, manufacturing
equipment, validation, and finally prepa-
ration for market. The device performance
continues to be monitored by postmarket
surveillance to assess whether lifecycle
management activities are required. The
reviews are conducted with representatives
from a number of different disciplines to
ensure every relevant aspect is reviewed

prior to continuation through the phases.

REGULATORY COMPLIANCE

It goes without saying that it is essen-
tial to align the device development
process with the requirements of the regu-
lators, and ensure that sufficient evidence
of suitability is included in the registration
package. Aligning with the waterfall dia-
gram (Figure 3) in the FDA's 21 CFR Part
820.30 is a good place to start. The dif-
ferent regulatory bodies all have slightly
different requirements, and it is important
to include an assessment of whether it will
meet the demands of the regulators in all
the regions where the device is likely to be

launched.

Defining the regulatory standards is
another important process. Typically, in the
design process, a list of 20 or 30 stan-
dards will be devised for each device de-
velopment opportunity, and making sure
the design aligns with this list throughout
the process is crucial to succeed. Compli-
ance with these standards should be care-
fully documented, otherwise there is a risk
that at the end of the process, the result will
be something that fails to meet them, wast-
ing the time and cost of the project.

Correspondence with the regulators is
another important consideration, as gain-

ing regulatory input at an early stage in-

creases the likelihood the device concept
will be deemed acceptable. This type of in-
teraction is also important when designing
human factors validation studies fo ensure
the protocol is acceptable, and will there-
fore provide the required evidence that the
design meets its intended uses. This corre-
spondence can typically be conducted via
a controlled correspondence route, which
can also involve sending physical proto-
types or require a physical meeting to

demonstrate the device.

User Needs +

A

Verification

Design Process

Design Output

Validation <

Source: Schematic from 21 CFR 820.30 FDA Design Controls Guidance for Medical Device Manufacturers (March 11,1997)

Medical Device




REDUCING RISK

In an ideal scenario, a new product
will take advantage of an existing delivery
platform as this affords a degree of proof
that the product will be scalable to a com-
mercial process, and issues around scale-
up are less likely. Using laboratory-scale
manufacturing to explore the design space
of the product ahead of large-scale pro-
duction can help ensure efficient costs and
timescales. It will also assist the product
getting into the clinic at a relatively early
stage without having to invest in the expen-
sive equipment and facilities required for
a commercial product in place in advance.

There are multiple options for the de-
livery device and platform, and having ex-
perience from previous device
development projects affords developers
or CDMO partners a wider toolkit with
which to work. Technologies, such as blis-
ters, piercing, and winding up of blister
strips, can be transferred readily across to
new products once the knowledge as to
how to assemble them and how they be-
have is known. This allows elements to be
used with a different user interface, or an-
other target market, and using those same
general principles, experience and vali-
dated test methods from another device,
greatly reduces the risk and time of devel-
opment.

Applying statistical analysis to the test
data allows the prediction of any likely
problems once devices are being manufac-
tured and filled at a commercial stage. If
any issues are foreseeable, then this analy-
sis will allow measures to be put in place
in advance to reduce the potential of large
numbers of returns, and the associated
cost, accompanying poor publicity, and a
loss of reputation.

Various different methods can be ap-

plied to reduce the risk. Paper-based exer-
cises, such as tolerance analysis, can be
used to assess the risk, while processes,
such as failure mode and effects analysis,
can also help, whether from the manufac-
turing, design, or human factors perspec-
tive. Using these outputs to guide
development allows risks to be navigated
and reduced as a project moves from an
idea to a product that is ready for clinical

trials and subsequent commercialization.

VALIDATION: A NECESSARY
STEP

Verifying a product against a concept-
specific and testable specification is one
thing; from this one might expect to gener-
ate clear values that can be subjected to
statistical analysis. Validation, however, re-
quires going all the way back to the origi-
nal list of user needs and proving that the
device meets all those original require-
ments, not just the specifications that these
were used to establish.

A good example of validation would
be to carry out a human factors test in
which the prototype is put into the hands
of the patients. Importantly, they should be
left to use it according to the instructions in
the patient instruction leaflet. A clinical trial
may also constitute validation that it does
what it should.

Ultimately, it is important to remember
the person for whom the device is being
created: the patient. A device clearly
needs to be robust, and deliver the prod-
uct. But a design that is not patient-centric

is unlikely to succeed. @

To view this issue and all back issues online,
please visit www.drug-dev.com.
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OVER-ENCAPSULAT

CAPSULES

DoubleBlind, Zero Bias: Overtncapsulation — The

Right Tool for B

By: Julien Lamps

INTRODUCTION

Double-blinding is the key to pharma-
ceutical trial robustness and study integrity.
While many blinding options are available
to drug sponsors and external clinical re-
search partners, over-encapsulation re-
mains a popular choice for its dosing
simplicity, trial efficacy, patient accessibil-
ity, and cost-effectiveness.

With marketing approval costs for a
new drug exceeding $2.55 billion accord-
ing fo Tufts, the need to prove superior ef-
ficacy and safety is even more infense
compared to an already approved and
marketed product.” Beyond formulation
and form, the method for visually blinding
trial doses becomes a critical factor in de-
termining efficacy and therapeutic per-
formance. A properly blinded study
removes both investigator and patient bias
due to awareness of the drug’s source and
to suppress potential placebo effects as

well.2

inding Studies®

ENCAPSULATION INNOVATION

Today’s patientcentric applications
are demanding more from capsules than
ever before. Fortunately, capsule technol-
ogy is innovating to keep pace.

The DBcaps® line of capsules, for ex-
ample, is specifically engineered for over-
encapsulation in double-blinded clinical
trial applications. Opaque with an ex-
tended cap length and dual locking rings,
the tamper-evident design helps accom-
plish blinding’s two primary functional

tasks:

¢ hide the identity of the frial dose

e prevent people breaking open the

DBcaps® capsule design
Unique design of cap on body in

closed position ensures more opacity

capsule to see if they are being treated

with a real drug or a placebo

In answer to pharma’s need for inno-
vation and a vegan, clean-label solution,
Lonza Capsules and Health Ingredients
(CHI) broadened its DBcaps® portfolio to
include a Hydroxy Propyl Methyl Cellulose
(HPMC) version in addition to the standard

gelatin type.

KEY TO ENCAPSULATING
SUCCESS

Though simple in practical terms, over
encapsulating pharmaceuticals and blind-

ing them for study involve several unique

Design is key

Standard capsule design

Risk for “breaking the blind”
linked to single layer




"The key to successtul overencapsulation is to remember to treat each

element of the process with the respect it deserves. From sizing and

color to dose security and filling, each requires proper analysis and

careful execution. This includes access to an experienced supply team

dedicated to the capsule manufacturing process.”

processes that can introduce complexities
that may be tough to manage without sup-
port.

For example, blinding dose can be-
come complex depending on the dose
form. Encapsulating a split or broken tablet
is a typical requirement. Similarly, different
doses may be combined into the same
capsule to meet specified requirements.

The key to successful overencapsula-
tion is to remember to treat each element
of the process with the respect it deserves.
From sizing and color to dose security and
filling, each requires proper analysis and
careful execution. This includes access to
an experienced supply team dedicated to
the capsule manufacturing process.

When each element of encapsulation
is considered and managed carefully,
fewer issues with this critical portion of the
study are likely to occur at the end of the
clinical trial supply chain, such as prob-
lems with formulation compatibility,
bioavailability, and patient dose compli-

ance.

PRIMARY CONSIDERATIONS FOR
OVER-ENCAPSULATION

For clinical conditions in which the
bioavailability of the investigational new
drug is critical for efficacy, both the inves-

tigational and the reference drug should

be encapsulated with the same capsule so
that appropriate comparisons and conclu-
sions can be drawn. It is important to select
the appropriate components that will be
needed to support the over-encapsulation
of the tablet or capsule unit.

This is essential if one wants to obtain
similar in-vitro dissolution profiles. Even
when similar overall bioequivalence data
(Craxs AUC) are achieved between non-en-
capsulated and over-encapsulated tablets,
results may not necessarily reflect the drug

absorption during the interval after dosing.

SIZE MATTERS

Once the trial dose form has been
identified, determining what size capsule
shell is needed to properly blind each unit
comes next. But there are nuances to this.

For example, Lonza CHI has found
through experience that efficiencies can
arise if the dose being encapsulated does
not protrude above the body of the over-
encapsulating shell.

If the final dose does not “sit” properly
inside the encapsulating shell, backfilling
may be required to seat the final dose op-
timally. When this is required, it may be-
to overbackfill the

come necessary

capsule, which can raise costs and waste.

FLEXIBILITY REQUIRED

A study design might call for splitting
tablets to fit them into the smaller capsule
sizes to suit patient group requirements.
But splitting doses by breaking tablets
physically is not precise and may introduce
significant variation. Regulators addressed
this by prompting drug developers to ad-
dress these issues by filling capsules in-
tended to study tablet OSDs with the
formulation provided in powdered form to
ensure dose accuracy. However, using an
equivalent powdered formulation and fill-
ing it info capsules prior to blinding can
add to program complexity and the de-
mand for more flexible over-encapsulation
solutions to fit more dose forms.

Capsule size is an extremely impor-
tant detail to ensure trial supply dose com-
pliance and blinding performance. To
correctly specify the capsule size, one re-
quires data and input from all corners of
drug development, trial design, and ad-
ministration as well as from critical supply,

equipment, and fillfinish partners.

COLOR BLIND BY DESIGN

First and foremost, the color must com-
pletely hide the enclosed dose form. Ide-
ally, the color and density of the capsule

will absolutely blind any “details” of the
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Capsugel® DBcaps® Capsules

contents. Anything that signals there is a
trial dose inside could impact patient per-
formance. Therefore, capsules for over-en-
capsulation are generally opaque and
usually not the same color or shade of the
dose being blinded.

It is vital to select a capsule color to
effectively blind the enclosed dose, but it
is also important that the color ingredients
are accepted by regulators and meet stan-
dards wherever the study is being con-
ducted.

Several countries have restrictions on
particular colors or the total number of cap-
sules. Compliance issues, including the
foregoing, must be researched and under-

stood prior to selecting trial sample colors.

MOTION CONTROL FOR BETTER
BLIND CONTROL

Over-encapsulation ensures blind in-
tegrity because it completely hides the fact
that the control dose is inside. This includes
using a backfill excipient so that the trial
dose cannot rattle around inside exposing
the fact the capsule contains more than just

powder or pellets.

If the rattle is not eliminated, the pa-
tient can possibly break the blind. Backfill
can be avoided in certain cases, but only
if a similar rattle between the doses can be
maintained.

Lastly, when selecting backfill excipi-
ents, it may be convenient to choose one

that is present in the dose form being

blinded.

DON'T FORGET DISSOLUTION
AND STABILITY

Probably one of the more critical is-
sues with over-encapsulation selection is its
general compatibility with the trial dose,
the control dose, and any excipients. Con-
sider the insolubility issues associated with
today’s highly potent APls. Evaluating
these factors is more important than ever.

The most commonly used excipients
for backfilling are microcrystalline cellulose
and lactose monohydrate, used both inde-
pendently of one another as well as com-
bined in a blend. Research has shown that
the combinations of the two can influence
dissolution results.

Depending on the grade of the mate-
rial chosen, a lubricant, usually magne-
sium stearate (present usually less than
0.5%), is added as part of the backfill for-
mulation. However, not all grades of these
two materials require lubrication, and
adding the magnesium stearate is usually
based on its presence in the formulation of
the unit being encapsulated in the first
place.

It's imperative to conduct dissolution
profiles and stability work early to verify
that the material selected does not interfere
with or create any bioavailability issues in

the over-encapsulated dosage form.

STORAGE & SHELF-LIFE

Trial dose supply fill and finishers,
among others, must also consider shelflife
and similar concerns with encapsulating
shells — for some, storage and inventory
control are extremely important issues.

Generally, if capsules are stored for
more than 2 years, it is good practice to
keep fresh supplies. Extended periods of
storage in dry conditions can turn capsules
britle and make them prone to manufac-
turing issues related to the capsule’s de-
graded physical properties.

Close consultation with suppliers may
reveal better-performing gelatin capsule ma-
terials or alternatives that deliver both good
performance and meet the industry’s in-

creasing quest for cleanerlabel ingredients.

MORE OPTIONS, LESS
CONFLICTS: GELATIN & HPMC

Developers of therapeutics of all kinds
are responding to emerging social and cul-
tural trends. These include increasing con-
sumer demand for products free from any
animal proteins and with colors and ingre-
dients derived solely from natural sources.

Gelatin-based capsules offer tradi-
tional cost and functional benefits and re-
main  the gold  standard  for
pharmaceuticals and therapeutics of all
kinds. The benefits supported by data to
prove compatibility across thousands of
applications.

However, emerging clean-label re-
quirements are now starting to dictate that
products should be free from animal pro-
teins or colourings derived from artificial
sources.

With potent NMEs under develop-
ment, challenges deploying APIs in gela-



tin-based capsules are also contributing to a shift toward the use
of HPMC-based capsules. Issues with cross-linking reactions and
difficulty containing hygroscopic APIs top the list of these chal-
lenges.

For a broad segment of drug delivery strategy, HPMC-based
capsules show great potential in becoming the best-practice alter-
native to gelatin-based formulations, not only because of their

provenance, but also for their performance.

SUMMARY

Over-encapsulation remains a widely used, highly effective
technique for blinding solid oral dosages in comparative clinical
trials. Compatibility is foremost. Dissolution, diffusion, and stability
studies are essential elements of selection and therapeutic per-
formance. In addition, patient-centricity is shaping the selection
of materials and specifying criteria, leading to the introduction of
innovative clean-label products like HPMC-based capsules com-
patible with vegetarian and vegan lifestyles.

Although HPMC-capsules offer a range of development ben-
efits, traditional hard-gelatin capsules are still the first choice for
blinding studies. However, more viable choices are available now
than ever before, which increase sponsor flexibility and give them
greater freedom in patient trials and fewer compromises regard-

ing product compatibility and format.®
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Enteris BioPharma: Pioneers in Oral
Formulation Development

Breaking down the barriers to oral delivery of peptides and small
molecules is no easy task, but it holds the key to enhancing myriad drug
products and treatment paradigms. Presently, many of these therapies can
only be administered parenterally due to poor oral bioavailability or
permeability, which can limit market opportunities for the drug maker and
reduce patient compliance with treatment regimens. Enteris BioPharma, an
emerging biotechnology company based in Boonton, NJ, offers a solution to
these challenges.

Founded in 2013, Enteris has established itself as a pioneer in the oral
peptide market, utilizing its proprietary drug delivery technology,
Peptelligence®, and its manufacturing capabilities to develop and produce
oral formulations of BCS class lll and IV compounds, including peptides,
peptidomimetics, and small molecules. Through Enteris’ own internal R&D
program and external partnerships, Peptelligence is now the subject of
several pre<clinical and clinical development programs. Drug Development
& Delivery recently interviewed Dr. Rajiv Khosla, Chief Executive Officer of
Enteris BioPharma, to discuss how Enteris’ innovative oral formulation
technology is helping the pharmaceutical industry overcome the hurdle of
low bioavailability to reshape treatment categories and expand market

opportunities with minimal financial and regulatory risks.



From its founding in 2013, Enteris has established itself as a
leader in the oral peptide market, yet | believe the company has
only begun to realize its vast potential. The Peptelligence oral
delivery technology is a potential game changer for
pharmaceutical companies that offer the opportunity to not only
enhance myriad drug candidates, but also reshape therapeutic
categories and treatment paradigms in ways that can fill unmet
medical needs and provide improved treatment options for
patients. For the CEO of a specialty drug delivery company, that
is quite an opportunity.

This is a growing company with a number of value-creating
opportunities on the horizon. The acquisition of Enteris last year
by SWK Holdings (Nasdaq: SWKH) provided a strong
validation for Peptelligence and the company’s future prospects.
With SWK'’s commitment, Enteris now has a partner who shares
our excitement for the technology's potential and is willing to
invest capital and other resources to advance the company’s
internal and external development pipelines, bolster our
management team, strengthen our business development
activities, and fund a major expansion of our manufacturing

capabilities.

The oral delivery of peptides, peptidomimetics, and other
BCS class Il and IV molecules are often hampered by low
bioavailability and permeability. As such, these drugs are
typically administered by injection, which limits market
penetration and patient compliance. Oral formulations,
however, can improve patient adherence to drug regimens.
Afterall, who would not choose to swallow a tablet rather than
endure a painful injection. For drug makers, it can expand the
market for newly discovered molecules and is an excellent
lifecycle management strategy for commercial products nearing
the end of their life cycles.

There are other advantages. Perhaps one of the most
underappreciated is the reduced regulatory risk facing drug
makers. The reformulation of an existing drug can open the door
to the 505(b)(2) regulatory pathway through the U.S. FDA,

which allows a drug maker to take advantage of existing safety

data. This can reduce the financial cost of drug development and
minimize the regulatory risk when compared to the costs and
risks associated with the development of a new chemical entity
(NCE).Yet, the value of the 505(b)(2) regulatory pathway, in my
opinion, has not been fully explored by the broader
biopharmaceutical industry.

Through our licensing agreements and partnerships with
other drug makers, Peptelligence is now the subject of several
active externally sponsored pre-clinical and clinical development
programs. Among these programs is an oral formulation of Cara
Therapeutics’ KORSUVA™, a potent peripheral kappa opioid
receptor agonist with a primary focus for the treatment of pruritus
associated with kidney failure, liver disease, and atopic
dermatitis. Cara is currently advancing three oral KORSUVA
clinical programs for these three distinct treatment indications.
Enteris is also harnessing Peptelligence to develop its own
internal clinical pipeline of orally delivered therapeutics that

have been previously marketed as injectable-only formulations.

There are many factors that set Enteris apart from our
competitors, but these encapsulate what | believe are of greatest
value to our current partners and prospective future partners: the
strength of our technology and what it can accomplish, strong
intellectual property protection, a collaborative approach with a
focus on customization and our manufacturing expertise.

The Peptelligence oral formulation technology utilizes
several patented oral bioavailability-enhancement techniques,
using a variety of conventional pharmaceutical formulation
methods and pharmaceutical excipients. We do not offer a
single offthe-shelf technology but work with our partners to
develop formulations that are specifically bespoke and
optimized for their active pharmaceutical ingredient (API). We
closely examine the characteristics of the API, the potential
indications, the status of the development program, and the
feasibility of oral delivery. It is typical for Enteris to provide three
or more formulation prototypes to partners to demonstrate the
feasibility of the Peptelligence oral formulation technology.

Peptelligence enhances bioavailability by solubilizing and

improving the permeability of APls across a wide range of
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molecular weights. The result: Peptelligence enables the oral
bioavailability of APIs that previously had zero oral absorption
or enhances by up to 11fold APIs with poor bioavailability.
Moreover, Peptelligence has been validated in more than 15
clinical trials and benefits from robust clinical and safety
experience.

The Peptelligence pharmaceutical manufacturing process is
a highly scalable and straight forward procedure that uses
methods, such as dry blend and direct compression, to produce
dosage forms that readily satisfy in-process controls and release
testing. And finally, our partners benefit from robust infellectual

property protection in the U.S. and internationally in key markets

through 2036.

The formulation, development, and manufacturing of oral,
peptide-based drugs is a complex business and requires specific
skills and expertise. Enteris is uniquely positioned with the
capabilities and expertise to meet an array of manufacturing
needs within this niche. We are especially proud of our
established track record spanning over 23 years with a history
of quality focus and regulatory compliance.

We are experts in handling and processing high-potency
APls. We have experience working with biopharmaceutical
companies of all sizes. Our CDMO operations are housed in a
growing 32,000-sqt facility in Boonton, NJ, with the capability
to scale-up and cGMP manufacture optimized oral formulations
to meet clinical trial needs from feasibility to Phase 2, and
provide analytical development and stability testing, with a
proven enteric-coated tablet formulation that is scalable and
readily transferable.

An expansion project has been underway at our
manufacturing facility. Completion is expected in the shortterm
and will enable us to manufacture Phase 3 clinical trial material
(CTM), and commerciallevel production. This will allow us to
pursue deeper manufacturing relationships with developmental
clients and allow us to remain a trusted and reliable
manufacturer as client programs progress through each stage of

drug development.

We believe that developing an infernal pipeline that
leverages the Peptelligence platform will enhance the value of
the technology. Enteris has developed a strong regulatory
strategy involving the use of the 505(b)(2) regulatory pathway.
But our goal is not to become a commercial drug company, but
rather to seek partnerships and outlicensing opportunities and
use that capital to fund future growth.

Our most advanced clinical-stage drug candidate,
Ovarest®, is a Phase 2b-ready oral formulation of the peptide
leuprolide that we are developing for the treatment of orphan
indications. It is followed by Tobrate™, an oral tablet formulation
of tobramycin, now in Phase 1 development for the treatment of
uncomplicated urinary tract infections (uUTls).

These are attractive development opportunities. In the U.S.,
urinary tract infections affect approximately 10 million women
annually. Leuprolide, on the other hand, is an effective and
widely used therapy, but has significant limitations in both
convenience and tolerability due to its depot injection delivery

method.

We entered 2020 with a great deal of momentum and
continue to target multiple growth opportunities. To that end, we
are excited about the ongoing expansion of our manufacturing
facilities. Completion is expected in the short- term and will
enable us to manufacture Phase 3 CTM and commercial-stage
compounds.

Meanwhile, Enteris continues to pursue new external
licensing and partnership opportunities for Peptelligence and

advance its internal and partnered pipeline assets.

To view this issue and all back issues online, please visit www.drug-dev.com.
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FORMULATIONS

Dissolving Bioavailability & Sclubility Challenges in

Formulation & Development

By: Vinod Patil, PhD

INTRODUCTION

An increasing number of highly potent
and complex small molecule formulations
are entering development pipelines. A pre-
ferred dose form, oral solid dose (OSD)
formulations, continue to lead drug re-
search, development, and approvals -
2019 saw the highest percentage of OSD
approvals since 2013.

According to the US FDA Center for
Drug Evaluation and Research (CDER), of
the 38 small molecule drugs approved by
the agency in 2019, 26 (68%) were OSDs
(19 tablets and 7 capsules). Notably, one
New Molecular Entity (NME) was ap-
proved both for oral and parenteral deliv-
ery.

Many of the innovative and novel for-
mulations infroduced by the pharma indus-
try throughout the past decade have had
to cope with poorly water-soluble active
pharmaceutical ingredients (APls). Consid-
ering the pace of development, overcom-
ing solubility issues will remain
problematic. This is especially true for im-
portant new classes of pharmaceuticals en-
tering the market.

Poorly water-soluble APl chemistries

require much more than a neutral excipient

to deliver the dose. Overcoming bioavail-

ability and solubility issues can bog down
development and slow commercialization
timelines because formulators often face a
cascading set of complexities trying to de-
liver their APl payloads with accuracy.
Facing down insolubility issues re-
quires a comprehensive understanding of
the physiological pharmacokinetic and
pharmacodynamic processes that happen
between swallowing the dose and its up-

take in vitro.

RECENT NMES CONTINUE THE
SOLUBILITY CHALLENGE

Innovation in combinatorial chemistry
and other recent advances in pharmaceu-
tical and biopharmaceutical science are
leading to exciting new discoveries and
patient breakthroughs. Although APIs in
these drug products may ultimately offer
extremely good therapeutic performance,
if they cannot enter the bloodstream effi-

ciently from an orally administered solid

FIGURE 1

Overcoming bioavailability and solubility issues can slow commercializa-

tion timelines because formulators often face a cascading set of
complexities trying to deliver their APl payloads with accuracy.




dose, overall drug strategy can be compro-
mised.

It's extremely challenging because for-
mulators face a broad range of compro-
mises they might not want for their drug
because of patient and standard- of-care
terms — for example, not surrendering the
formulation to parenteral delivery for the
sake of patient convenience and dose com-
pliance.

Enhancement of dissolution, solubility,
and bioavailability for poorly soluble APIs
can be achieved using a number of
different approaches, including particle
size reduction (eg, micronization and
nanomilling), salt or cocrystal formation,
lipid-based self-emulsification, and the for-
mation of amorphous solids dispersions
(ASDs).

Regardless, many new compounds
and chemistries have either low solubility
or low bioavailability or both. As such,
they present unique challenges to formula-
tors depending on their drug delivery

strategies.

INCREASING SOLUBILITY

To assist therapeutic performance,
there are generally two ways to increase
solubility: 1) a chemical modification ap-
proach or 2) a formulation approach.
Chemical modifications include either tak-
ing a pro-drug approach or employing a
salt form of the drug. Most formulators un-
derstand there are increasing degrees of
complexity involved in using a salt form to
increase solubility due to the need to de-
velop salt form synthesis and purification
method:s.

That's why formulation methods, such
as micronization, amorphous solid disper-

sions, nanocrystals, and nanoparticular-

To increase solubility of APIs, two common approaches - chemical
modification or formulation are available. Chemical approaches have
proven utility, but formulation methods, including micronization,
amorphous solid dispersions, nanocrystals, and nanoparticularization,
are becoming increasingly popular to support therapeutic performance.

ization techniques, are increasingly popu-

lar in the field of solubility enhancement.

MICRONIZATION'S TOP-DOWN
APPROACH

Two principles are being used to pro-
duce nanoparticles: top-down approaches
like milling or ultra-homogenization, and
bottom-up approaches including precipita-
tion. Micronization is a simple approach,
in which the particle size of the APl is re-
duced, leading to higher particle surface
area and eventually better solubility per-
formance. Although these concepts have
shown positive results for many drugs,
there are some APIs that need further for-

mulation techniques to increase solubility.

NANOCRYSTALS EMERGING AS
AN EFFECTIVE ROUTE

Nanocrystalization is an emerging
technology that is helping formulators deal
with the challenges of improving the solu-
bility and bioavailability of their poorly sol-
uble APIs. Nanocrystals will account for
60% of a $136-billion nanotechnology-en-
abled drug delivery market by 2021

Essentially, crystalline particles range
in size from 2 nm to 1,000 nm. Nanocrys-
tals are ground in special mills, and the
procedure enhances the surface-to-volume
ratio and thus, the solubility and bicavail-
ability of most insoluble pharmaceuticals.

Due to crystalline characteristics, they
offer better stability compared to their
amorphous counterparts. In addition to
bead milling, nanocrystals can be pre-
pared by high-pressure homogenization

and precipitation.

Drug Development & Delivery October 2020 Vol 20 No 7

(5]
-



Drug Development & Delivery October 2020 Vol 20 No 7

[~
(-]

FIGURE 3

Target-specific and site-specific drug delivery is gaining momentum among
pharma’s developers. New technologies and techniques are being
employed offering developers more options and fewer compromises.

MORE SURFACE AREA, FASTER
DILUTION RATES

Nanocrystals work to improve solubil-
ity through an increase in surface area be-
yond that provided by just micronization.
This is especially helpful in improving solu-
bility of drugs in which it is limited by dis-
solution rate. Amorphous nanoparticles
are even more advantageous in improving
solubility, but they come with the challenge
of requiring stability to prevent conversion
to the crystalline forms.

Another characteristic of nanocrystals
that supports therapeutic performance is
the fact that particles are 100% APl and
require no excipients.

Due to crystalline characteristics, they
offer better stability compared to their
amorphous counterparts and can be ad-
ministered as dispersions in the liquid
medium or in the solid state.

Nanocrystals can also be prepared by

bead milling, high-pressure homogeniza-

tion, and precipitation. One of the main ad-
vantages of this technology is it allows for
higher API drug loads per dose. However,
this process requires surfactants as stabiliz-
ers, which may prompt new formulation

complexities or other negative effects.

GETTING DRUGS OVER THE
TARGET

Apart from these methods, target-spe-
cific and site-specific drug delivery is gain-

renewed  momentum

ing
pharmaceutical developers. Nanoparticu-

among

late methods and technologies being em-
ployed now are well understood and offer
developers broad utility and fewer compro-
mises when it comes to managing optimal
dose delivery.

For example, many developers are
turning to enteric-coated multiparticulate
systems in tablets and capsules. This tech-

nology is demonstrating great utility and

functionality particularly for acid-sensitive
drugs.

Nanoparticulate technology is trans-
forming the industry’s ability to successfully
formulate poorly soluble APIs. Nanopartic-
ulate formulations of poorly dissolving APls
can provide faster drug absorption and
higher bioavailability by increasing disso-
lution rate.

When it comes to developing chal-
lenging compounds, it helps if the scientists
know whether the client has performed
preliminary solubility studies, any kind of
simple animal PK studies, or even what the
critical quality attributes are, such as mod-
ified release or the need to deliver the drug

in the small intestine.

SOLVING AN ACID
DEGRADATION PROBLEM

A Metrics client had an APl suscepti-
ble to acid degradation and general hy-
drolysis, which meant it had to be
protected from stomach acid. In addition,
exposure time to fluid in the small infestine
needed to be minimal.

Following analysis, it became appar-
ent an enteric coating was needed to pro-
vide acid protection. As a second line of
defense, chemists incorporated muco-ad-
hesive polymers into the core tablet, to
help it adhere to the walls of the small in-
testine.

This allowed the actives to permeate
across the small intestine, where it then
was hydrolyzed to the API. Despite the
challenge of preventing hydrolysis through-
out transit in the stomach and small intes-
tine, animal studies confirmed that it
provided bioavailability of the molecule of

inferest.



“Innovation in combinatorial chemistry and other recent advances in phar-

maceutical and biopharmaceutical science are leading to exciting new

discoveries and patient breakthroughs. Although APIs in these drug prod-

ucts may ultimately offer extremely good therapeutic performance, it they

cannot enter the bloodstream efficiently from an orally administered solid

dose, overall drug strategy can be compromised.”

AMORPHOUS PARTICLE FORM
DISPERSIONS

Many APIs available today are crys-
talline in nature and exhibit poor solubility.
However, crystalline APls can be con-
verted info amorphous particle forms,
shaped fo offer more surface area. Gener-
ating ASDs is well understood and accom-
plished commercially using spray-drying
technologies.

Preparing an APl into an amorphous
form rather than a crystalline state can sup-
port desired dissolution profiles and en-
hanced bioavailability. However, because
amorphous compounds are thermodynam-
ically less stable, it is often necessary to
employ polymeric matrices to improve their
stability.

Once ASDs reach the Gl tract, the API
is released in concentration. According to
one study, more than 80% of amorphous
dispersions offer improved dissolution rates

and bioavailability.2

ORAL ADMINISTRATION, THE
PATIENT-CENTRIC GOAL

Amorphous dispersions offer drug for-
mulators the ability to deliver an OSD final
drug product in the form of a tablet or a

capsule. ASDs allow the formulation of

drug products with much higher dosage
levels compared to lipid-based systems. Ul-
timately, these formulations allow for more
APl in a single dose, and that means more

medication in fewer doses for patients.

CASE STUDY: ONE-AND-DONE
FORMULATIONS

A Metrics Contract Services client
needed support for a commercialized drug
product indicated for curative treatment.
The intellectual property owner was hop-
ing to develop a second-generation formu-
lation for a clinical trial studying the drug’s
efficacy as a preventive treatment. The clin-
ical trial expected to enroll patients for
whom medication compliance was a pri-
mary issue and could impact dose compli-
ance. Thus, the client hoped to encourage
patient compliance with an easy manage-
able “one-and-done” daily dosing.

The developer’s second-generation it-
eration required almost every deliverable
a formulation development scientist could
imagine — uniform-sized multi-particulate
for consistent controlled release; taste-
masking and a smaller particle size to im-
prove patient compliance; not to mention
a 24-hour modified release for once-a-day

dosing; and dose dumping prevention.

A MULTI-FACETED APPROACH
TO A CHALLENGING
FORMULATION

This situation was a first for Metrics
senior formulation scientists. Never had
they encountered a project with so many
formulation development deliverables.
With most projects, Metrics commercial
partners choose two or three deliverables
that are most important. But this clinical
trial would involve unique patients who
could easily fail to carry out a medicine
regimen, so compliance was critical and
challenging.

The Metrics team established critical
quality attributes that were achievable for
the product — the most important attribute
being controlled release for 12 to 24
hours. The API's highly water-soluble na-
ture posed significant challenges to
achieve any kind of controlled release.

Controlled release was achieved by
layering the drug onto a substrate and then
applying a completely insoluble functional
coat using a solvent-based coating system.
The downside of achieving the controlled
release was the large amount of drug
product needed to achieve a therapeutic
dose concentration of 25% to 35% w/w.

However, Metrics was able to in-
crease the drug concentration by making

pellets of the drug through extrusion and
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spheronization. The next steps for this com-
plex dosage form were to increase patient
compliance through taste-masking and

making a suspension of the pellets.

THE OUTCOME

The team created a highly water-solu-
ble compound in a dosage form with con-
trolled release. Despite using a completely
insoluble coating, the team was able to
push APl out from the center of the beads.
The functional coat consisted of completely
insoluble material (ethyl cellulose and
dibutyl sebacate as the plasticizer) and yet
drug product still released from the core.
Metrics found that using a solvent system,
as opposed to an aqueous dispersion and
cure times, gave a nice, contiguous coat
that could provide the desired controlled
release.

The client used the formulation to suc-
cessfully conduct a Phase 1 clinical trial.
The company is proceeding fo Phase 2
clinical trials leveraging the same formula-
tion process Metrics developed using a dif-

ferent starting substrate.

DISSOLUTION TESTING'S MAJOR
ROLE

Many pharmaceutical analysis tools
are used to characterize a drug product,
but dissolution testing plays an important
role in defining the performance of a drug
ensuring product quality.

There are many reasons why dissolu-
tion testing is so important. Dissolution test-
ing is the only pharmaceutical tool that can
assess both drug product performance and
adherence to key quality attributes based
on the design of the drug.

From simple immediate-release formu-
lations to complex modified-release formu-
lations, an  accurately  developed
dissolution method is critical for confirming
product quality over time and under vari-
ous conditions.

If an in-vitro dissolution testing proce-
dure shows significant correlation with in-
vivo clinical data, it can provide predictive
modeling that may eliminate the need for
additional clinical studies over the prod-
uct’s lifetime. Not only can dissolution pro-
vide valuable predictive modeling, it can
also help resolve unexpected bioavailabil-
ity results.

Biorelevant dissolution media is ready
to bridge the gap between a quality con-
trol procedure and predictive modeling as
a measure of pharmacological clinical rel-
evance. Dissolution testing also provides
support for formulation development and
profotype selection — either during early
phase development or in support of post-
approval changes.

While stability indication of an assay
and the impurities procedure is scrutinized
during Chemistry, Manufacturing, and
Controls (CMC) review, dissolution data
helps gain the focus to ensure the optimal
procedure is developed.

Indeed, many regulatory guidance
documents have been published requiring
a gradual progression of dissolution
throughout the phases of drug develop-
ment or in support of Scale-Up and Post-

Approval Changes (SUPAC) requirements.

LAST WORDS ON SOLUBILITY

For drug developers and their com-
mercial drug product manufacturing part-
ners, there is likely no “last word”

regarding improving the solubility of

today’s prominent APIs. Although innova-
tion is introducing new challenges, life-
cycle management and new marketing
strategies are also prompting developers
to dissolve the solubility issues of existing
products. Ultimately, the effort and invest-
ment will continue as pharma seeks to de-

liver improved products to patients. ¢
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CUSTOM DEVICE

SOLUTIONS

Device Design Will Act as Competitive Distinguisher
in a PostPatent Expiry Biosimilar Market

By: George I'ons

INTRODUCTION

The biosimilars landscape is rapidly
evolving; we've seen a vast number of
original reference biologics reach expiry
for patent exclusivity — 15 in the US during
the 2018-2023 period alone - and the
market opportunity for biosimilar manufac-
turers expand in parallel.! As some of the
world’s best-known biologics continue to
reach patent expiration, the approval and
uptake of biosimilars is expected to pick
up even more over the coming years. The
US market is poised to welcome many new
biosimilars in 2020, spurring competition
that will inevitably lead to savings for the
healthcare system. In fact, introducing
biosimilars of complex biologic drugs used
to treat illnesses such as rheumatoid arthri-
tis could cut healthcare spending in the US
by $54 billion throughout the next
decade.? Yet, this market incentive may not
suffice to really drive biosimilar uptake. For
biosimilar manufacturers to succeed within
this freshly competitive market, they will
need to factor in several crucial non-price
aspects into their product offering. The fol-
lowing will dissect the different factors that
will determine biosimilars’ adoption and
pace of advancement against their original

counterparts, namely clinical confidence in

the biosimilar and patient confidence in

the drug delivery device.

DEMONSTRATING
INTERCHANGEABILITY

Switching patients from original bio-
logics to biosimilars is not necessarily an
easy or required procedure. While biosim-
ilars are highly similar in structure, biolog-
ical activity, and immunogenicity profile to
their already approved biopharmaceutical
reference product, their active ingredients
are not identical fo the original product,
and the natural variability and complex

manufacturing process of biosimilars do

even more over the coming years.

As some of the world’s best-known biologics continue to reach patent
expiration, the approval and uptake of biosimilars is expected to pick up

not allow for an exact replication.? This is
undeniably a potential source of existing
concerns about swapping from one prod-
uct to another. Today, there is still not
enough evidence to demonstrate a total in-
terchangeability between the original ref-
erence biologics and their respective
biosimilars, and regulators such as the
FDA are demanding an increasing level of
data to support biosimilar approval. While
regulators in global markets may continue
to act with due caution in designating
biosimilars as interchangeable, some inde-
pendent studies have started to fill in the
gaps with evidence of such a fransition
being welltolerated by patients and

demonstrating equal efficacy and safety as
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their originator medicine.# With these, con-
fidence in biosimilars for their approved in-
dications has grown and alleviated some
of the initial concerns about their use, par-
therapy in

ticularly when initiating

patients.’

THE ROLE OF DRUG DELIVERY
DEVICE DESIGN

Beyond the general confidence in
biosimilars as an equally efficient and safe
biologic alternative, cultivating physician
and patient confidence in a specific
biosimilar product and its drug delivery de-
vice is also crucial to biosimilar uptake.
With self-administration among patients
with chronic illnesses on the rise, the im-
portance of the design of the subcutaneous
injection device is more important than
ever before and may become a deciding
factor for patients who are eligible for a
switch to a biosimilar. Given that the treat-
ment of chronic illnesses may require fre-
quent injections, and that patients are
increasingly carrying these out themselves,
patient usability and ease-of-use should be
high on the list of considerations for
biosimilar manufacturers when partnering
with medical device manufacturers or par-
ticularly if designing their own injection de-
vice.

More specifically, devices with hollow-
bore needles or syringes that retain an ex-
posed needle after use present a
heightened risk of needlestick injury, while
auto-injector or prefilled safety syringes
typically minimize this risk and minimize
the risk of dosage errors.¢ Allowing older,
debilitated, and less-dextrous patients to
securely hold and operate the device with-
out any assistance, these instruments con-

tribute to providing patients with the

Prefilled safety syringes reduce the risks associated with
self-administration.

independence that comes with self-admin-
istration, while reducing the risks associ-
ated with unsupervised self-care. Similarly,
with patients who self-administer having to
bring the delivery device into their homes,
ensuring total safety for their families and
other residents will be of utmost impor-
tance to them. Equally, safety syringes help
protect hospital and non-hospital health-
care workers against potential infection
through sharps. A safe, user-friendly device
may be the tipping point that pushes exist-
ing users fo accept a loss of habit and fa-
miliarity in the name of usability and
confidence.

Under these circumstances, it is strate-
gically necessary for manufacturers to
carry-out human factors studies to support
the design and development of their device
in order fo mitigate any potential risks as-
sociated with the use of the device, and
seek to eradicate these risks with best-prac-
tice design. It will be crucial for biosimilars
manufacturers seeking to encourage pa-
tient adherence to be able to demonstrate
that user-associated risks have been thor-
oughly assessed and addressed - and
doing so successfully will act as valuable
competitive distinguisher within this highly

competitive post-patent market. Some phar-

maceutical manufacturers are even known
to have made exclusive arrangements with
device manufacturers as a means of ensur-
ing a monopoly over an efficient device
design and providing their biologic prod-

uct with a competitive edge.”

CONSIDERATIONS DURING THE
DEVELOPMENT PROCESS

To delve further into the specific ele-
ments that should be factored into the de-
sign during device development, it is the
interface with the primary container that
will first require careful consideration.
Throughout each stage of the development
process, manufacturers will need to keep
a careful eye on all things relating to reg-
ulatory compliance of the device, particu-
larly in light of the growing complexity and
scrutiny of regulatory requirements, as well
as compliance with key relevant standards.
As previously mentioned, human factors
studies will be the next stage of the device
design process, which will need to be un-
dertaken in an all-encompassing manner,
as well as factoring in ISO10993 compli-
ance for biocompatibility of materials for

cytotoxicity, irritation, and skin sensitiza-



tion. Commentators recommend paying
special attention to the following list of con-
siderations: usability and robustness; as-
sembly  and  manufacturing  risk
management; supply chain reliability; en-
vironmental/disposal risks, and postship-
ping device performance as part of the
development process.® On a final note,
keeping the design review process open
and transparent by compiling a complete
design history file will also be beneficial
for device manufacturers in demonstrating
effective risk-assessment and providing
confidence to their pharmaceutical and

biotechnological partners.

SUMMARY

Our own research has estimated the
market opportunity for biosimilars to be
$5.24 billion per year in the US — making
this window of opportunity a lucrative
one.? However, getting a slice of this cake
means not perceiving biosimilar adoption
as a given. Biosimilar manufacturers will
need to demonstrate true interchangeabil-
ity of their product with its original refer-
ence product, while also capitalizing on
the competitive edge that comes with offer-
ing an attractive, userfriendly, and safe de-
livery device if they are to increase their
market shares. When all user-related con-
siderations have been addressed, manu-
facturers must also be sure to consider all
other stages of the device production, from
the primary container of the device to its
packaging, to further set themselves apart

from the competition. ¢
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IMMUNOGENICITY
TESTING

Regulatory Updates for Immunogenicity Assessment
of Therapeutic Profeins

By: Leon Shi, PhD, Lan Li, MS, and Jing Shi, PhD

INTRODUCTION

Immunogenicity assessment is a signif-
icant challenge in the development of ther-
apeutic proteins, such as monoclonal
antibodies, recombinant proteins, anti-
body-drug conjugates, and fusion proteins.
Due to high molecular weight, complex
structure, and posttranslational modifica-
tions, biologics have high potential to illicit
anti-drug antibodies (ADA) responses. De-
veloping adequate strategies for immuno-
genicity evaluation is therefore crucial for
preclinical and clinical development of bi-
ologics programs. These ADAs — whether
neutralizing antibodies (NAbs) that block
efficacy of a protein by targeting domains
critical for function or non-neutralizing an-
tibodies — can have significant conse-
quences,  affecting @  product’s
pharmacokinetics (PK), pharmacodynam-
ics (PD), drug efficacy, and safety.!

In early 2019, the FDA updated its
guidelines for immunogenicity testing and
recommended a risk-based approach to
evaluating and managing immune re-
sponses elicited by therapeutic proteins.
Timing and extent of developing, validat-
ing, and implementing ADA assays during
the drug development stage are dependent

on the risk assessment of the product.

The following provides a high-level
analysis of the significant changes to the
guidance compared fo the immunogenicity
draft guidance released in 2016, and the
implications for drug development pro-

grams.

WHAT'S DIFFERENT IN THE 2019
GUIDANCE?

The significant revisions focus on the

following areas:

¢ Risk assessment and timing on validat

ing assays

e Statistical approaches to determine cut-

point

e Removal of the longterm stability re-

quirement

¢ Development of assays to measure neu-

tralizing antibodies

e Strategies for managing pre-existing an-

tibodies

e Updates in documentation require-

ments.

RISK ASSESSMENT UPDATES

In the 2019 guidance, the FDA re-
vised its recommendations on immuno-
genicity risk assessment, stating that a risk
assessment and a rationale for testing
should be submitted in conjunction with the
investigational new drug (IND) applica-
tion. Previously, the FDA advised that spon-
sors should provide a rationale for
immunogenicity testing rather than the risk
assessment itself.

The risk assessment encompasses spe-
cific analyses and discussions on therapeu-
tic protein factors that would influence its
immunogenicity, including discussions on
the drug product itself (eg, if it has an en-
dogenous counterpart) and how likely a
subject population is to respond to expo-
sure to the therapeutic protein (eg, cancer
patients who are often immune-compro-
mised may mount a lower immune re-
sponse fo a protein, whereas people with
autoimmune disorders would be more
likely to develop immune responses).

In considering a risk assessment,
sponsors should also examine the attrib-
utes of a product that may influence im-
munogenicity. Productrelated factors that

may contribute to immunogenicity include:



Sensitive Screening Assay

Positive (?)

YES
1

Confirmatory Assay

*Detection of IgA and IgE may be needed depending on route of
administration and clinical evidence of hypersensitivity

> Further Testing May Not Be Needed

Further Testing May Not Be Needed

Titering Assay

Positive (?)

YES

Neutralizing Assay

Titers (risk-based)

Risk-based characterization testing, as appropriate:

+ Cross Reactivity to Endogenous Proteins
* Isotypes Assessment
+ Epitope Specificity

NO & Further Testing May Not Be Needed

® Whether the product origin is human or

foreign

e Novel structural formats, such as fusion
proteins, bispecific antibodies, and

other engineered antibodies
e Posttranslational modifications

e The tendency of a therapeutic protein to

aggregate
¢ Glycosylation or PEGylation

e The presence of impurities with adjuvant

activity.

With respect to assay design, the FDA
lays out a multitiered approach (Figure 1)
for testing therapeutic proteins.’ The ap-
proach consists of a sensitive screening
assay for ADA followed by a confirmatory

assay for any positive results. The FDA rec-

ommends that biologic drugs that cause a
confirmed ADA assay result should un-
dergo testing for neutralizing antibodies.
Titer, isotype and domain specificity of the
ADA may also be assessed along with PK,

PD and clinical outcome evaluation.

STATISTICAL APPROACH TO
DETERMINING CUT-POINT
UPDATES

The cutpoint of the assay determines
whether the sample response is positive or
negative; FDA suggests a cut-point having
false-positive rate of approximately 5% is de-
sirable for the initial screening assay because
it maximizes detection of true positives,
which is important for ensuring the adequate
subjects who may develop antibodies to a

therapeutic protein to be identified.

Historically, the assay cut-point was
determined directly from a normal per-
centile, which assumes that distribution of
results will follow a traditional bell-shaped
curve. This method is simple, but it signifi-
cantly underestimates the false positive
rate, which results in a lower chance of sat-
isfying the 5% false positive rate. For ex-
ample, the traditional method for a screen
assay is estimated to produce a cut-point
only having less than 50% chance to sat-
isfy the required 5% false positive rate.?

In the 2019 FDA guidance, the FDA
requires sponsors to find a statistically
sound method to determine the cut-point,
whereas previous guidance documents
stated that cut-point estimation could be
achieved with a small number of samples.
The 2019 guidance offers an approach
wherein a screening assay should have at

least 90% chance to satisfy the 5% false

Drug Development & Delivery October 2020 Vol 20 No 7

(o]
~



Drug Development & Delivery October 2020 Vol 20 No 7

&

positive rate, and a confirmatory assay
should have at least 80% chance to satisfy
the 1% false positive rate. The assay sensi-
tivity can be calculated by interpolating the
linear portion of the dilution curve to the
assay cutpoint. And low positive control,
as an important system suitability control,
should be set at a level that is consistently
above the cut-point with a targeted 1% of
failure rate. Statistical analysis can add
value in determination of assay sensitivity
and low positive control.

There is no generally accepted stan-
dard method for these statistical determi-
nations. One way is a statistically sound
estimation package, including outlier ex-
clusion and cut-point estimation satisfying
the new FDA requirements. The statistical
methodology is based on order statistics,
Bayesian, and Monte Carlo methods and
can be applied to any assay data given
that there are at least 50 samples. These
methods are designed to satisfy or exceed
the FDA confidence requirements without
being too conservative. The required com-
putations have been implemented using
lan-

standard statistical

guages SAS and R.

programming

Regarding sample stability, an impor-
tant update in the 2019 guidance is that
the expectation on long-term storage sta-
bility of positive control antibodies is now
removed. Antibodies are known to be sta-
ble for at least two years when stored at -
20°C or below, and evaluation of the
positive control antibodies, which are es-
sentially surrogate antibodies, for ex-

tended storage in deep freezers does not

add value to the understanding of the ADA
sample stability. The guidance now ad-
vises that sponsors minimize freeze-thaw
cycles by appropriately aliquoting sub-
jects’ samples and evaluating shortterm
stability, including, as relevant, freeze-thaw
cycle and refrigerator- and room-tempera-
ture stability of positive control antibodies.
The agency, however, removed the word-

ing on assessment of long-term stability.'

Matrix components, such as serum,
saliva, or plasma, are known to interfere
with assay selectivity, contributing to non-
specific signals and potentially obscuring
positive results. Therefore, the FDA notes
the frequent need to dilute subject samples
to ensure the ability to detect ADA. The
FDA 2019 guidance allows sponsors to
use one of three definitions of the minimal
required dilution — either the sample dilu-
tion that yields to highest signalto-noise
ratio, the sample dilution that results in a
signal closest to assay diluent, or the sam-
ple dilution that results in the highest signal
to variability ratio.? The expansion of defi-
nitions allows sponsors more options to
better achieve optimal selectivity for an

assay.

If immunogenicity testing finds and
confirms positive ADAs, the FDA guides
that sponsors should assess for NAbs.
NAbs can have significant impact on drug
PK, PD, safety, and efficacy, and the over-
all impact of antidrug antibodies may cor-

relate with the activity of NAbs; however,

designing appropriate assays for their de-
tection is quite challenging as the tradi-
tional guide for developing the NAb
strategy has been the risk of immunogenic-
ity to patient safety.> The FDA has made
extensive updates to its guidance for as-
says on neutralizing antibody action as the
science has evolved.

One update is increased flexibility
from the FDA for the format of assay that
can be used to assess NAbs, and the guid-
ance notes that selection of the assay for-
mat depends on various factors, such as
the mechanism of action of the therapeutic
and the selectivity, sensitivity, precision,
and robustness of the assay.! The FDA ex-
plicitly allows employment of a highly sen-
sitive PD marker or properly designed PK
assay, or both, that generate data capable
of informing clinical activity, in lieu of a
NAb assay. NAb assays, especially cell-
based assays, can be highly variable and
with low sensitivity, as they are often exe-
cuted in cell culture media and measure
particular functional endpoints.> Therefore,
hyper-variable cell-based NAb assays may
not be as informative as a suitable PD or
PK assay to indicate neutralizing antibody

activities.

Frequently, humans may have anti-
bodies to components of a therapeutic. For
example, PEGylation is a common modifi-
cation of certain proteins, which can re-
duce the immunogenicity of a protein, and
prolong the circulatory life of a protein or
improve water solubility of certain pro-
teins. However, people can have pre-exist-
ing antibodies against it, given its frequent

use in products, such as cosmetics. The fact



that people entering clinical trials may al-
ready have pre-existing antibodies chal-
lenges the statistical analysis traditionally
used to differentiate between positive and
negative assay results.

The challenge of pre-existing antibod-
ies is to determine the cut-point that ade-
quately differentiates negative ADA,
pre-existing antibodies, and true ADA-pos-
itive samples and subsequent data report-
ing. The 2019 guidance provides more
details on how to manage the statistical
calculations on cutpoint during method
validation as well as discussing reporting
strategies for capturing data around pre-
existing antibodies. It gives clear definition
of treatment-boosted ADAs, which refers to
the situation in which there are pre-existing
antibodies and the titer of antibodies in-
creases after exposure to the therapeutic

protein product.

Prior to the 2019 guidance, immuno-
genicity data were dispersed throughout
the electronic common technical document
(eCTD), the standard format for submitting
to the FDA, presenting challenges for re-
viewers fo understand the big picture of a
potential therapeutic protein’s immuno-
genicity profile. The 2019 guidance pro-
vides detailed direction on documenting
immunogenicity and requires an integrated
immunogenicity summary report that gives
a clear summary so FDA reviewers can un-
derstand the immunogenicity data up front.
In addition, the FDA advises sponsors to
arrange the integrated summary into dis-

tinct sections:!

e The Immunogenicity Risk Assessment
should include “a concise immunogenic-
ity risk assessment specific to the thera-
peutic protein product” as guided in
FDA's Immunogenicity Assessment for

Therapeutic Protein Products guidance.

e The Tiered Bioanalytical Strategy and
Assay Validation Summaries section
should summarize immunogenicity as-
sessment strategies used during each
phase of a clinical program and pro-
vide links to method development and
validation reports for pivotal clinical

studies.

e For the Clinical Study Design and De-
tailed Immunogenicity Sampling Plans
section, FDA guides sponsors to provide
the immunogenicity sampling plan for
all clinical studies where immunogenic-
ity assessments were performed as well
as sampling time points for immuno-
genicity and PK of the therapeutic pro-

tein.

e The Clinical

Analysis section should provide a sum-

Immunogenicity Data

mary of immunogenicity analyses for all
clinical studies with an immunogenicity
component as well as detailed discus-
sion on the impact that pre-existing or
treatment-boosted or treatmentinduced
antibodies have on PK, PD, efficacy,
and safety of the therapeutic protein

product.

® For the Conclusions and Risk Evaluation
and Mitigation Strategies (REMS) sec-
tion, FDA requests how the candidate
therapeutic protein affects the safety
and efficacy of the product for the sub-
ject population. It should also show how
immunogenicity will be monitored post-
marketing and how it will be incorpo-
rated into any REMS. Finally, FDA

requests a discussion around life cycle
management of approved immuno-

genicity assays.

The 2019 FDA guidance on immuno-
genicity assessment intends to have the in-
dustry adopt a risk-based approach to fully
understand the potential immunogenicity of
the therapeutic proteins they are studying,
thus to mitigate the impact of unwanted im-
mune responses. The 2019 guidance adds
clarity in method development, validation,
and reporting processes. This article pro-
vides an understanding of the evolving im-
munogenicity assessment and current
considerations for anti-drug antibody
assay development. It should be pointed
out that immunogenicity should not be eval-
vated in isolation. The treatment emergent
antibodies should be assessed in conjunc-
tion with the structure of the therapeutic
proteins, patient characteristics, and dis-
ease involved; and the impact of immuno-
should be

pharmacokinetics,

genicity evaluated  with
pharmacodynamics,
sustainable of clinical response, safety,
and efficacy of the protein therapeutics.
These factors are interlinked and contribute
to patients’ immunogenicity profile. And
because of these reasons, the FDA recom-
mends providing an Integrated Summary
Report of Immunogenicity in BLA submis-
sion that clearly defines the identification
of risks, results for evaluation of all relevant

risks and risk mitigation consideration.
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Immunogenicity assessment is one of the key elements in a
biotherapeutic’s development process. Each novel therapeutic pro-
tein and its assay system can have its unique productspecific chal-
lenges. With scientific and regulatory expertise, a seasoned
bioanalytical partner can help biopharma companies ensure that
the bioanalysis and immunogenicity assessment for their develop-
mental drug meet evolving regulatory requirements, provide res-

olutions to the challenges, and empower your success.
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FORMULATION DEVELOPMENT

SpeciaLty CDMO

AD~ARE

PHARMACEUTICALS

Adare Pharmaceuticals is a global specialty CDMO providing product
development through commercial manufacturing expertise focused on oral
dosage forms for the Pharmaceutical, Animal Health and OTC markets.
Adare’s proprietary technology platforms specialize in ODT, taste masking
and customized drug release. With over 30 years of proven legacy, Adare
has successfully developed and manufactured more than 40 products sold
by partners in more than 100 countries globally. For more information, visit
Adare Pharmaceuticals at www.Adarepharma.com.

PLATFORM TECHNOLOGY

CAPTISOL

Captisol is a patent-protected, chemically modified cyclodextrin with a
structure designed to optimize the solubility and stability of drugs. Captisol
was invented and initially developed by scientists in the laboratories of Dr.
Valentino Stella at the University of Kansas’ Higuchi Biosciences Center for
specific use in drug development and formulation. This unique technology
has enabled 11 FDA-approved products, including Onyx Pharmaceuticals’
Kyprolis®, Baxter International’s Nexterone®, and Merck’s NOXAFIL IV. There
are more than 30 Captisol-enabled products currently in clinical
development. For more information, visit Captisol at www.captisol.com.

ASCENDIA PHARMA

Ascendia Pharmaceuticals is a speciality COMO dedicated to developing
enhanced formulations of existing drug products, and enabling formulations
for pre-clinical and clinical-stage drug candidates. We specialize in developing
formulation solutions for poorly water-soluble molecules and other
challenging development projects. Combining our extensive knowledge and
experience of formulation capabilites with our suite of nano-particle
technologies, we can assess the feasibility of a broad array of robust
formulation options to improve a drug’s bioavailability. Thusly decreasing the
amount of drug and the number of injections and greatly reducing in some
cases the daily pill-burden from 20 to 4. Ascendia’s expertise spans across (1V,
SC, or IM), injection, ophthalmic, transdermal, nasal delivery, along with
immediate- and controlled-release products for oral administration and
complex generics. For more information, visit Ascendia at
www.ascendiapharma.com.

ORAL DOSE DESIGN & DEVELOPMENT

Catalent is the global leader in drug development and delivery, and offers
partners end-to-end solutions in formulation, development, and dose
design. Its tools, experience, and expertise ensure the right decisions are
made at each stage of development, creating oral dose forms that can
improve a drug's clinical efficacy and commercial success: including
softgels, fast-dissolving tablets, modified-release capsules, and stick packs.
Catalent’s Better Treatments by Design™ service aims to combine the needs
of innovators, prescribers, and patients to create superior products. Using
the widest array of drug delivery technologies to overcome each product’s
unique challenges and requirements, solutions can be matched to
molecules to maximize the potential of a drug, from Phase 2 through to
commercial supply. For more information, contact Catalent Pharma
Solutions at (888) SOLUTION or visit www.catalent.com.
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DIFFERENTIATED INJECTABLE DELIVERY

T HESEREBEN C £

COMPANION

INNOVATION WITHOUT CHANGE

By,

IMPRESS | PRESERVE | PROTECT

Credence MedSystems is a medical technology company focused on
delivering medications safely for the benefit of our patients, caregivers and
partners. The Companion Safety Syringe System was born from Credence’s
core philosophy of Innovation Without Change. By providing passive safety
and reuse prevention while using existing primary package components, the
Companion offers best-in-class drug delivery with a vastly simplified path to
market for our biotech and pharmaceutical partners. The Companion is
available in luer needle, staked needle and dual chamber reconstitution
configurations. In all cases, the user performs the injection, receives end-of-
dose cues and then the needle automatically retracts into the syringe,
which is then disabled. For more information, contact Credence MedSystems
at  1-844-CMEDSYS, email info@credencemed.com, or visit
www.CredenceMed.com.

TESTING SERVICES

Testing experts.
Service specialists.

DDL is an independent third-party, ISO 17025-accredited testing laboratory
that provides package, medical device, and combination products testing.
For nearly 30 years, DDL has provided extraordinary service and specialized
testing expertise to the medical device and pharmaceutical industries. We
employ a team of engineers, technical, and quality experts devoted to
helping our customers bring medical device and combination products to
market. Our single source, totally integrated approach enables organizations
of all sizes from start-ups to globally recognized corporations maximize
product performance, reliability, and safety while seamlessly achieving
regulatory compliance. We work hard to build strong partnerships with our
clients and have an unwavering commitment to assist in getting products to
market on time. For more information, visit DDL at www.DDLTesting.com.
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SHOWCASE

SUPER REFINED™ EXCIPIENTS

CRODA

Croda manufactures a complete range of high purity excipients and
delivery aids, offering superior quality for the global pharmaceutical market.
These excipients are ideal for multiple dosage forms, including topical,
parenteral, oral, and ophthalmic formulations as well as advanced delivery
systems. Croda’s Super Refined™ excipients go through a proprietary
process to remove the polar and oxidative impurities that can cause
performance and stability issues. These excipients are ideal for use when
working with sensitive drug actives, helping to maximize the stability and
overall performance of the drug product. Excipients in the Super Refined
range include PEGs, polysorbates, oils, and triglycerides, propylene glycol,
castor oil, and a range of topical penetration enhancers, such as oleic acid
and dimethyl isosorbide. For more information, contact Croda at (732) 417-
0800 or visit www.crodahealthcare.com.

FORMULATION TECHNOLOGY
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\ _ Intelligent Solutions for Oral Drug Delivery

Enteris BioPharma is an independently operated and wholly owned
subsidiary of SWK Holdings Corporation [NASDAQ: SWKH]. The
organization’s headquarters and 32,000- square-foot cGMP manufacturing
facility is based within the heart of New Jersey’s “Life Sciences Corridor.”
Through its pioneering and proprietary Peptelligence® technology, Enteris
BioPharma partners with pharmaceutical and biotech organizations to
develop bespoke solutions, including robust oral formulation development
and clinical cGMP manufacturing. For more information, visit Enteris
BioPharma at www.enterisbiopharma.com.
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FORMULATION SUPPORT, LiIPID-BASED TECHNOLOGIES

GATTEFOSSE

With application and R&D Centers in the United States, France, India, and
China, the Gattefossé group is providing formulation support for oral,
topical, transdermal, and other routes of administration. Equipped with
state-of-the-art analytical and processing instruments, we are able to
support your development efforts and stay at the forefront of research both
in basic and applied sciences pertaining to lipids and related drug delivery
technologies. Our support covers all stages of development, from solubility
screening and preclinical to late-stage formulation and “proof-of-concept”
studies. Moreover, we provide extensive regulatory support, sharing
toxicological and safety data, and analytical/characterization methods. For
more information, visit Gattefossé at www.gattefosse.com.

INJECTABLE DRUG DELIVERY

OWEN MUMFORD

Pharmaceutical Services

Owen Mumford Pharmaceutical Services is a specialist in the design,
development, and manufacture of injectable drug delivery systems for the
pharmaceutical, biotech, and generics industries. These include single-dose
and multi-dose reusable and disposable auto-injectors, pens, and syringes
for subcutaneous and intramuscular administration. Our innovative products
are designed to meet both the need of our pharmaceutical partners and their
patients by facilitating ease of use and improving safety and patient
compliance. Our devices are also designed with the aim of reducing
complexity and risk for the pharmaceutical and biotech industry in the
development of their combination products. Our products are supported by
our services, and we work with our partners every step of the way, supporting
and guiding from initial concept stage through to taking the solution to
market. For more information, visit Owen Mumford Pharmaceutical Services
at www.ompharmaservices.com.

FuNcTIONAL CHEMICALS

MITSUBISHI GAS CHEMICAL

Mitsubishi Gas Chemical (MGC) is a leading company in the field of
functional chemicals, such as oxygen barrier and absorbing polymers. MGC
established the Advanced Business Development Division in 2015 for tackling
a variety of today’s problems, and the division created OXYCAPT™ Multilayer
Plastic Vial & Syringe to solve some issues of existing primary packaging for
injectable drugs. OXYCAPT Vial & Syringe consists of three layers. The inner
and outer layers are made of cyclo-olefin polymer (COP), the most reliable
polymer in the pharmaceutical industry. The middle layer is made of state-of-
the-art polyester developed by MGC. The oxygen-barrier property is almost
equivalent to glass and much better than COP. OXYCAPT also provides an ultra
violet (UV) barrier. For more information, visit Mitsubishi Gas Chemical at
www.mgc.co.jp/eng/products/abd/oxycapt.html.

SPECIALIZED PRODUCTS & SERVICES

P PFanstiehl

Pfanstiehl is a leading cGMP manufacturer of parenteral grade excipients
and highly potent APIs. Pfanstiehl develops and manufactures high-purity,
low-endotoxin (HPLE) carbohydrates such as trehalose, sucrose, mannitol,
galactose, and mannose utilized as injectable excipients for the stabilization
of proteins, mAbs, and vaccines. These HPLEs are also used as supplements
for industrial cell culture, cell therapy, and cryopreservation media.
Pfanstiehl also works closely with some of world’s largest multinational
pharmaceutical and biopharmaceutical firms, as well as with virtual
pharmaceutical companies, to synthesize proprietary and commercial
compounds in quantities ranging from grams to MT quantities.
Manufacturing and development occur at Pfanstiehl’s a 13-building campus
located near Chicago, IL. For more information, visit us at
www.pfanstiehl.com.
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ENHANCING BIOAVAILABILITY IS SCIENCE.
FINDING THE BEST FORMULATION MATCH IS ART.

Optimal formulations are built on the science of understanding your molecule’s bioavailability challenge
and art of finding the best technology match.

With 5 advanced formulation technologies, from micronization to lipids to amorphous solid dispersions,
coupled with our experience optimizing thousands of molecules and track record in scalability and
commercial success, Catalent can solve your bioavailability challenges, simple or complex, and turn
your science into an optimal formulation fast.
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WHERE SCIENCE
MEETS ART.

Catalent.
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